









Reconceptualizing What it Looks Like to Enact Project-Based Science in  















Submitted in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy 
under the Executive Committee 































Tyrone DeLong Dash II 








Reconceptualizing What it Looks Like to Enact Project-Based Science in  
Urban and Multicultural Settings: A Case Study  
Tyrone DeLong Dash II 
 
 
Traditional views on science education focus solely on content learning in the classroom, 
however more contemporary perspectives harness science content to help students become active 
citizens and lifelong learners outside of the classroom (Daher & Saifi, 2018; Vedder-Weiss & 
Fortus, 2011; Yacoubian, 2018). Project-based science is a reform pedagogy that emphasizes 
real-world utilization of science to solve problems that are personally relevant to students’ 
everyday lives (Kanter & Konstantopoulos, 2010). Unfortunately, there is no uniform theory or 
approach to project-based science. The diversity that exists in the interpretation and 
implementation of the project-based learning theory and model has resulted in a variety of 
research and developmental issues across disciplines, often resulting in confusion about what 
counts as being project-based and what does not (Kokotsaki et al., 2016; McNeill & Krajcik, 
2007; Yu et al., 2018). While the goal of project-based science is to positively impact all 
students’ motivation for and achievement in science learning, there has been little research on its 
use as an instructional strategy with diverse students in urban schools (Kanter et al., 2001; 
Krajcik et al., 2006; Panasan & Nuangchalerm, 2010; Scheneider et al., 2002; Shwartz et al., 
2008). Even as newer studies are published (Fitzgerald, 2020; Nainggolan et al., 2020; Wang, 
2020), the field is stagnant, and research is still needed that looks into the ways in which culture 








One of the characteristics of project-based science that makes it appealing, is its ability to 
drawing on the lived experiences of students, but most of the work done to date has not included 
or reflected the lived experiences of urban students of color. The goal of this mixed methods 
instrumental case study was to provide a glimpse into what it would look like to use a 
reconceptualized approach to project-based science that was more inclusive of urban students’ 
identities and lived experiences, while also being intentional about the nature of science and 
science epistemology. This involved the creation and use of a project-based science unit that 
included both implicit and explicit design features of the nature of science and science 
epistemology, along with pedagogical practices that were aligned with the theoretical 
underpinnings of project-based science (active learning, sociocultural theory, constructionist 
theory, constructivist theory, and situated cognition); along with the frameworks of Black 
feminist thought and reality pedagogy, which have not yet been considered in project-based 
science settings.  
Both qualitative and quantitative data were collected and analyzed for trends and 
emergent themes. Quantitative data were collected from a diverse sample of fifty urban 9th grade 
New York City Living Environment students ranging in age from 13 to 15 years old. Ninety 
eight percent of participants had ethnic backgrounds other than White. Analysis of variance 
(ANOVA) repeated measures statistical tests and mixed between-within ANOVA statistical tests 
were used to examine quantitative data. The findings revealed that 96% of participants developed 
understandings of the local, state, and national level science standards and learning outcomes, 
aligned to the unit used in this study; and made significant gains on pre, midterm, and post 
multiple-choice and free response exams. While both genders made significant improvements, 







collected from a total of 13 students, ranging in age from 13 to 15 years old, who participated in 
two gender-specific cogenerative dialogues. One hundred percent of cogenerative dialogue 
participants had ethnic backgrounds other than White. Thick descriptions and analysis were used 
to make sense of students’ experience with the project-based science unit. All cogenerative 
dialogue participants seemed to developed understandings of the nature of science and science 
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Chapter I: Introduction 
For centuries, there has been an ongoing interest in how to connect academic science to 
the daily lives of students (Hurd, 1997, p. 407). From the beginning of modern science people 
have argued about the learning goals of science education (Hurd, 1992, p. 127).  In 1620, English 
philosopher Francis Bacon wrote “The ideal of human service is the ultimate goal of scientific 
effort, to the end of equipping the intellect for a better and more perfect use of human reason” 
(Dick, 1955, p. 441 quoted in Hurd, 1998, p. 407). This comment represents one of the first 
modern day arguments for an education in science, and in many aspects, it has persisted to this 
day (Hurd, 1992). In the United States, initial interest in science education can be traced back to 
the first Congress. In his first State of the Union address, President George Washington called 
upon Congress to promote scientific knowledge for the benefit of the collective republic 
(Gonzalez & Kuenzi, 2012). This is because the behaviors associated with the production and 
utilization of scientific knowledge represent the civic basis of scientific literacy (Hurd, 1997). 
 Both science and technology extend beyond more formal settings into everyday life. 
Therefore, scientific, and technological literacy becomes extremely important in the ability of 
citizens to access materials, understand the natural world, and make informed decisions (Bybee 
& McCrae, 2011; Rennie, 2005). However, this understanding was only shared by 16th century 
politicians and scientists. It didn’t become a national interest until the 1950s, when the Soviet 
Union won the race to space by launching the Sputnik satellite into orbit around the earth. This 
deeply shocked the United Stated and initiated a strong federal interest in research, as well as a 
science education movement in which vast support was given to various educational initiatives 
(Geiger, 1997). Unfortunately, today’s STEM education programs are largely incompatible with 







digital and innovation economy (Bybee, 2010; DeSilver, 2017; Ejiwale, 2013; Granovskiy, 
2018). Longitudinal research done by Kuenzi et al. (2006, 2008) shows that when compared to 
students in other countries, the achievement of students in the U.S. appears to undermine the 
ability of the country to maintain its role as a global leader. Not only do U.S. students perform 
poorly on international K-12 science assessments, but there are also large percentages of foreign 
students enrolled in STEM graduate programs in the U.S. (Granovskiy, 2018). Over 40% of all 
PhDs in STEM, received in this country, are earned by international students (Han & 
Appelbaum, 2016).  
Since 1969, the National Assessment of Educational Progress (NAEP) has been the only 
national-level assessment of students’ knowledge of science. It is given to a representative 
sample of students across the county in 4th, 8th, and 12th grade. The last science assessment was 
given in 2019 to approximately 30,400 4th graders, 31,400 8th graders, and 26,400 12th graders 
(U.S. Department of Education, 2021). Even though the report indicates progress being made in 
science, most students still fail to demonstrate grade-level proficiency. According to the U.S. 
Department of Education (2021), in 2019, 36% of 4th graders, 35% of 8th graders, and 22% of 
12th graders performed at or above the proficient level. This underperformance was worse in 
communities of color. In 2019, 48% of White 4th grade students, 14% of Black students and 20% 
of Hispanic students performed at or above the proficient level. In 8th grade, 46 % of White 
students, 13% of Black students, and 21% of Hispanic students performed at or above the 
proficient level. In 12th grade, 32% of White students, 6% of Black students, and 9% of Hispanic 
students performed at or above the proficient level (U.S. Department of Education, 2021). These 
statistics show that science achievement gaps are present early in students’ educational 







many years (Emdin, 2011; Jackson & Ash, 2012; U.S. Department of Education, 2021; Viadero 
& Johnston, 2000). The reasoning behind why these gaps exist is poorly understood because of a 
lack of large-scale, multivariate, and longitudinal studies with marginalized populations across 
grade levels (Morgan et al., 2016). Some, however, suggest that they are the result of historical 
and ongoing socioeconomic opportunity gaps in which students living in low-income urban areas 
are more likely to attend schools that have fewer resources and inequitable educational 
experiences (Ladson-Billings, 2006). 
 Gender also plays a role in achievement and participation in science with significant 
differences existing between male and female students (Bacharach et al., 2003; Cimpian et al., 
2020; Haggerty, 1987). According to the U.S. Department of Education (2021), in 2019, 36% of 
male and 35% of female 4th graders performed at or above the proficient level; 37% of male and 
33% of female 8th graders performed at or above the proficient level; and 25% of males and 19% 
of female 12th graders performed at or above the proficient level. The gap between the 
percentage of male and female students that are proficient in science seems to widen as students 
get older. There is a difference of one percentage points between male and female students in the 
4th grade, a difference of 4 percentage points in 8th grade, and a difference of 6 percentage points 
in the 12th grade (U.S. Department of Education, 2021). Since these differences exist by the time 
students are 14 years old, more needs to be done to reduce gender related achievement 
differences in science through early intervention strategies (Simpkins et al., 2006). In a study 
conducted by Simpkins et al. (2006), researchers found that students’ interest in science as well 
as their belief in their ability to participate in science related activities were linked to their formal 
and informal elementary school experiences with science. Differences also exist in which science 







Lee & Burkam, 1996). In one study, children's interests in science were examined for 2 years at a 
progressive private elementary school (Adamson et al., 1998). Participants ranged in age from 6 
to 12 years. Researchers found that male students favored working more in the physical sciences, 
whereas female students favored working more in biological and social sciences (Adamson et al., 
1998). Even though this study was conducted in a private school and race was not considered, 
these findings shed light on the need to conduct more research on ways to motivate students to 
pursue science related careers (Adamson et al., 1998; Lee & Burkam, 1996; Simpkins et al., 
2006).  
Men far exceed women in their interest to pursue science related jobs (Kang et al., 2019). 
The presence of women, especially women of color, in the science community is so scarce that it 
has become an area of concern around the world (Adams et al., 2014; Allen & Eisenhart, 2017; 
Ceglie & Settlage, 2016; Espinosa, 2011; Hill et al., 2010). Some studies suggest that valuable 
information can be obtained from evaluating the experiences of the small percentage of women 
who do work in the physical sciences (Hyater-Adams et al., 2018; Johnson et al., 2017; Rosa & 
Mensah, 2016). This insight might not only identify ways in which educators can increase 
motivation for science learning in school but could also illuminate some of the challenges 
women encounter as they pursue careers in the physical sciences. Understanding the specific 
experiences of women of color who work in the sciences is particularly important because they 
likely experience unique obstacles as minority women pursuing a career in a field with little 
diversity (Carlone & Johnson, 2007; Ceglie & Settlage, 2016; Espinosa, 2011). Rosa and 
Mensah (2016) used critical race theory to conduct a study in which they examined the lived 
experiences of six Black women physicists. One of the themes that emerged from their research 







interacted and engaged in the practice of science (Rosa & Mensah, 2016). According to the 
participants, these experiences influenced their career choice.  
The work of Rosa & Mensah (2016) is supported by research done by Patrick et al. 
(2009) who examined 162 kindergarten students (76 girls and 86 boys) from three midwestern 
suburban schools. They examined whether significant differences existed between the boys’ and 
girls’ perceived confidence, motivation, and interest in science when exposed to two different 
curricula. One group was exposed to the traditional kindergarten curriculum while the other 
group was exposed to a hands-on exploratory curriculum. Researchers found that, regardless of 
sex, students’ competence in science processes and skills; their overall interest in the discipline; 
and their understanding of how science operates; were strongly correlated to meaningful and 
sustained exposure to exploratory activities that mirrored the work done by scientists in the field. 
In the group of students exposed to the traditional curriculum, significantly more boys reported 
liking science than girls; whereas both gender groups reported an increase in their interest and 
motivation in the group exposed to the inquiry exploratory curriculum (Patrick et al., 2009). 
These findings are important because they suggest that early exposure to more authentic, hands-
on inquiry activities may increase girls’ interest in science, which may increase their desire to 
pursue science related careers.  
Purpose 
Closing achievement gaps, improving motivation for learning, expanding the number of 
scientifically literate adults, and increasing the number and diversity of adults entering STEM 
professions are all nation-wide educational priorities; and has been so for many years (Bybee, 
2010; DeBoer, 2019; Ejiwale, 2013). Unfortunately, there is a lack of rigorous curricula that 







world, an ability to think critically and scientifically, and an understanding of the coherence 
between science and society (Jackson & Ash, 2012). Along with new curricula, is the need for 
more innovative teaching methods to increase student investment and motivation while making 
learning science more meaningful and authentic to the nature and practice of science (Holbrook 
& Rannikmae, 2007). In a world where science plays an omnipresent role in every aspect of 
modern civilization, including the technological advances that are made and the philosophical 
implications that rise from them, understanding what science is and how it operates becomes 
indispensable in knowing how to make informed decisions (Bybee & McCrae, 2011; Hofstein et 
al., 2011; Rennie, 2005; Sinatra & Hofer, 2016). Unfortunately, research shows that more than 
60% of the American public does not have a clear understanding of how science works as an 
enterprise, even if they have an interest in it as a discipline (McComas et al., 2002; Sinatra & 
Hofer, 2016). This illuminates the important and challenging role that science educators have in 
choosing pedagogical strategies and designing curricula materials that develop students’ 
understanding of how science operates, including students of color and female students (Hofstein 
et al., 2011; Holbrook & Rannikmae, 2007).  
As demographics in the US have changed, so have the needs of U.S. students (Brown et 
al., 2019; Brown et al., 2020). However, traditionally underserved students of color continue to 
be marginalized from achievement and participation in Science (Bianchini, 2017). Those who 
have been and continue to be concerned with this inequity, push for the need to re-envision what 
counts as an effective science education so that all students can learn and participate in learning 
experiences that they find meaningful (Barton et al., 2008; Bianchini, 2017; Brown et al., 2020; 
Carlone et al., 2011). For years, researchers have recommended the use of culturally relevant and 







years ago Carlone et al. (2011) suggested that the science classroom should be constructed in a 
way where everyday practices include the experiences, worldviews, funds of knowledge, and 
interests of diverse students; to transform their learning experience and expand the ways in 
which they engage with classwork. Two years before that, Barton et al. (2008) suggested that 
students’ home spaces be merged with the priorities and practices of school science, through the 
creation of hybrid learning spaces. Even as newer studies are published (Brown, 2017; Emdin, 
2016; Mensah & Larson, 2017; Taher et al., 2017), the field is stagnant, and research is still 
needed that investigates the ways in which culture influences the way students learn science 
(Brown, 2020).  
One current reform effort aimed at better addressing the science learning of all students, 
is a derivative of project-based learning called project-based science. Grounded in the 
constructivist and sociocultural theoretical frameworks, project-based science is an inquiry 
approach to reasoning that engages students in the use of active learning, problem-solving, 
cognitive tools, and cooperative learning to answer questions about real-world phenomena 
(Krajcik et al., 2008). This typically involves a combination of first-hand investigations of the 
physical world coupled with learning from the work of others (Balemen & Keskin, 2018; 
Edelson et al., 1999; Hasni et al., 2016) and the use of scientific practices that provide students 
with opportunities to learn science and develop explanations about specific phenomena. These 
practices include argumentation, explanation, scientific modeling, and engineering (Balemen & 
Keskin, 2018; Hasni et al., 2016; Krajcik et al., 2008; Lestari et al., 2018). This approach is 
supported by several studies that point to the value of incorporating the process by which 







tools needed to live fulfilled lives (Balemen & Keskin, 2018; Kolsto, 2001, p. 291; Lestari et al., 
2018).  
In project-based science environments, students go through an extended process of 
inquiry in response to a complex driving question, problem, or challenge that is provided by the 
instructor (Balemen & Keskin, 2018; Hasni et al., 2016; Krajcik et al., 2008). Having students 
learn science related concepts in exploratory learning environments where they actively engage 
in their own learning has proven to be more effective than more traditional settings (Brown, 
2017; Patrick et al., 2009). Studies show that active learning inquiry environments can result in 
higher levels of understanding, retention, and transfer of knowledge (Connor et al., 2015). 
However, engaging students in inquiry-based forms of instruction like project-based science, 
does not guarantee the aforementioned areas of success. Although effective in many aspects, 
research shows that inquiry-based instruction without culturally relevant pedagogy and 
instructional congruency, may not be enough to support students of color who possess competing 
cultural ways of knowing (Brown, 2017; Meyer & Crawford, 2011).  In the few instances where 
both inquiry instruction and culturally responsive pedagogy have been used in the same learning 
environment, educators just incorporated “locally based, issue-oriented scenarios that formed the 
backdrop for scientific investigations” (Brown, 2017, p.1147). As a result, students spent most of 
their time investigating science-related issues that may have been grounded in real-word 
phenomena, but failed to affirm their experiences, identities, and histories (Brown, 2017). The 
purpose of this study is to address this problem by using a complementary instructional approach 
that uses the Black feminist thought framework and reality pedagogy in the implementation of a 
project-based science unit. This approach not only validates students’ community-based and 







(Brown, 2017; Gay, 2000). It is also a departure from research that argue for equity in science 
education but fail to provide educators with effective pedagogical strategies that provide urban 
and multicultural students with meaningful and authentic opportunities to learn science.  
Research Questions 
The purpose of this study was to examine whether the use of a project-based science 
curriculum fostered the development of accurate conceptions of science epistemology and the 
nature of science and science content, while improving overall motivation toward learning 
science. I was also interested in seeing if significant differences existed when gender was used as 
a variable to analyze student outcomes. The overarching research question for this study was the 
following: Does the implementation of a project-based science curriculum increase student 
achievement in an urban New York City public high school? 
Subquestions 
● How and to what extent do students develop conceptions of the nature of science and 
science epistemology within a project-based science setting? 
● When assessed, how much science content are students able to learn after completing a 
unit of a project-based curriculum? 
● Do significant differences exist between male and female participants in terms of their 
conceptions of the nature of science and science epistemology, science content 










Overview of Dissertation 
 In Chapter I, I ground this study in its importance to the ways in which we think about 
and implement science pedagogy, as well as the ways in which we use science to prepare 
students for citizenship. In Chapter II, I provide a brief historical overview of the 
conceptualization of project-based science; provide examples of its use in science education; and 
offer my critique of said examples, in hopes of identifying areas of improvement later in the 
chapter. In Chapter III, I describe the use of a multi-theoretical, multi-perspectival, and multi-
methodological research approach to conduct this study and conceptualize meaning (Kincheloe, 
2012; Rogers, 2012). In Chapter IV, I describe how the unit used in this study was developed and 















Chapter 2: Literature Review 
The United States Department of Education, the National Science Foundation, the 
National Committee on Science Education Standards and Assessment, and the National 
Academy of Sciences have all endorsed active learning, inquiry, problem-solving, and 
cooperative learning as instructional methods that motivate students and give them an 
opportunity to explore science as it is practiced (Haury, 1993; Quinn et al., 2012). Although 
educators have not traditionally used the science setting to focus on literacy, inquiry-based 
science instruction can provide a rich context to build language skills (Hapgood & Palincsar, 
2006; Lee & Stephens, 2020). Grounded in the constructivist and sociocultural theoretical 
frameworks, inquiry is an approach to reasoning that involves students using tools to answer 
questions about real-world phenomena (Weld et al., 2011). This inquiry typically involves a 
combination of first-hand investigation of the physical world coupled with learning from the 
work of others (Magnusson et al., 2013).  
Inquiry activities provide valuable experiences for students to improve their 
understanding of both science content and scientific practices (Edelson et al., 1999, p. 391). 
While there is widespread agreement that when done effectively, inquiry can promote deep 
learning, long-term retention, and literacy in science, there is no concrete theoretical 
understanding of the role that the discipline plays, in shaping teachers’ conceptions and 
enactment of it (Breslyn & McGinnis, 2012). There have been, however, several different 
approaches to science instruction aimed at providing students with opportunities to develop and 
use ideas and ways of reasoning iteratively. Problem-based and Project-based science are two 
pedagogical strategies that have gained popularity for doing this (Krajcik & Blumenfeld, 2006; 







activities that are centered around authentic problems or meaningful questions (Trauth-Nare & 
Buck, 2011). Both are student-centered and experiential and require students to find answers to a 
problem by applying science concepts (Hmelo-Silver, 2004; Trauth-Nare & Buck, 2011). In this 
chapter I provide an overview of the problem-based and project-based learning frameworks; 
discuss the relationship that exists between project-based learning, the nature of science, and 
science epistemology; provide a detailed critique of the use of project-based instruction in the 
science classroom; identify challenges that exist in designing and implementing effective 
project-based science instructional materials; and suggest several areas of improvement to 
increase understanding of the nature of science, science epistemology, and knowledge of science 
concepts in urban and multicultural settings. 
Urban and Multicultural Education 
Our nation becomes more and more diverse every year (U.S. Census Bureau, 2020). 
Changes in national and regional demographics show an increase in immigrant and minority 
populations; forty percent of Americans identify with a race or ethnicity other than white (Frey, 
2020). Since 2000, New York City has experienced several shifts in demographics (Lobo & 
Salvo, 2013). Whereas, New York City was once primarily populated by people of European 
descent, the city is now more diverse with no one race as its majority. Immigrants from all over 
the world have moved to the city and have contributed to reshaping its racial composition. 
According to an analysis conducted by Lobo & Salvo (2013), “More than a third of the city’s 
foreign-born residents arrived in the United States after 2000, and nearly half of those recent 
immigrants speak languages other than English” (p. 1). Even though the foreign-born immigrant 
population has only grown a little since 2000, “more than half of all children born in New York 







Republic, and Mexico” (Lobo & Salvo, 2013, p. 2). These changes are not specific to New York 
City; they are happening across the nation (U.S. Census Bureau, 2020). Since 2010, all 50 states 
in the United States have experienced a decline in white populations and increases in Latino, 
Asian, and Black populations (Frey, 2020). This change to the national composition of American 
schools warrants an examination of the ways in which race, culture, ethnicity, gender, social 
interactions, and other realities of students, intersect with the way they learn and interpret 
information (Chisholm, 1994). 
Unique distinctions exist in the United States between schools located in different 
geographic locations. “From state to state, city to city, town to town, district to district, each 
school possesses certain qualities and characteristics, creating unique distinctions between and 
among schools, students, and their surrounding communities” (Schaffer et al., 2018, p. 508).  
Unlike rural and suburban schools, urban schools are found in metropolitan areas with large 
dense population sizes, and therefore serve large numbers of students (Ahram et al., 2011).  
Even though all urban schools are different and face different challenges, many have been 
characterized based on factors beyond population-only statistics (Schaffer et al., 2018). 
Subsequently, alternative definitions of urban schools appear in literature; many of which focus 
on economic, social, and/or educational factors, and often include factors such as poverty levels, 
race, low achievement scores, resource availability, and teacher qualification (Ahram et al., 
2011; Schaffer et al., 2018; Welsh & Swain, 2020). Every year, urban schools serve growing 
populations of poor students of color (Boschma & Brownstein, 2016; Ng, 2003) Roughly two-
thirds of urban students are non-white, which is the reverse of what is seen in suburban schools, 
where two-thirds of the students are White (Boschma & Brownstein, 2016). In many cases, a 







(Chisholm, 1994; Frankenberg, 2009; Gay & Howard, 2000; Jenks et al., 2001; Milner, 2006; 
Ng, 2003). The vast number of teachers in this country are White middle-class women (Gay & 
Howard, 2000; Geiger, 2018). Analyzing statistics from the National Center for Education 
Statistics, Geiger (2018) explained that 20% of all elementary and secondary teachers during 
2015-2016 were minorities. 
Nonwhite teachers not only were sharply outnumbered by white teachers in America’s 
classrooms, they also tended to work in different school environments. . .. For example, 
31% of teachers in city schools were nonwhite, versus just 11% of teachers in rural 
schools – a reflection of the broader racial and ethnic makeup of America’s communities. 
And while nonwhite teachers accounted for 29% of the total in public charter schools, 
their share was considerably lower in traditional public schools (19%).  
Larger shares of teachers were nonwhite at schools with more nonwhite students, 
while the reverse was true for schools with more white students. For instance, nonwhites 
made up 55% of teachers in schools where at least 90% of students were nonwhite. By 
comparison, across schools where at least 90% of students were white, nearly all teachers 
(98%) also were white. This is similar to the experience for students: Many students go to 
schools where at least half of their peers are their race or ethnicity. . ..  
It’s worth pointing out that U.S. public school teachers look different from 
students not just in terms of race and ethnicity, but in terms of gender. In 2015-16, 
roughly three-quarters of all elementary and secondary teachers were women, while 
students are nearly evenly split between boys and girls. (Geiger, 2018, para. 3, 4, & 11) 
These statistics illuminate the need for educators who can create and manage learning 







2002). “Teaching effectively in culturally diverse classrooms means using culturally sensitive 
strategies and content to ensure equitable opportunities for academic success, personal 
development, and individual fulfillment for all students” (Chisholm, 1994, p. 44).  
The term multicultural education is multifaceted and has varying definitions. In many 
cases, these definitions either rely on the “cultural characteristics of diverse groups” or the 
“social problems” associated with oppression, such as political power and the “reallocation of 
economic resources” (Gay, 1994, p. 6). However, multicultural education as a conceptual 
framework extends these notions and rests on four principals: (a) cultural pluralism; (b) social 
justice and the end of racism, sexism, and other forms of discrimination; (c) acknowledgement of 
culture in the teaching and learning process; and (d) educational equity that leads to high levels 
of learning for all students (Bennett, 2001; Gay, 1994). These principals provide the basis and 
underlying philosophy of the paradigm and provide different ways of thinking about teaching 
and learning in a multicultural society (Bennett, 2001).  
Many researchers agree that for multicultural education to be successful, institutional 
changes must be made to curricula, teaching materials, teaching and learning styles, attitudes, 
perceptions, and the ways in which schools are organized and operate (Banks, 1993, 2008; 
Bennett, 2001). However, many teacher preparatory programs have and continue to struggle with 
producing teachers who are developmentally prepared to enter the classroom (Weber, 2017). In 
1994, Holm and Johnson suggested that many preparatory programs saturate preservice teachers 
with information about multicultural education, only for them to ignore it when they enter the 
classroom. Not much progress has been made since then. Leaders in the field argue that little 
change has been made in the teaching practices and beliefs of those teaching in diverse 







students with culturally, racially, and socially different backgrounds than themselves (Jenks et 
al., 2001). This is especially the case for students of color in predominantly White schools. In 
one study, when asked about the benefits of having culturally responsive professional 
development, a White assistant superintendent was quoted saying, “We don’t need any of that as 
we don’t have too many minorities and most of our teaching staff is White” (Jenks et al., 2001). 
There are two problems with this statement. One, the assumption that multicultural education is 
only important when dealing with diverse populations, is a major misunderstanding that some 
educators have about the importance of providing students with the understandings and aptitude 
needed to function in a multicultural democratic society (Banks 2019; Fasching-Varner & Dodo 
Seriki, 2012). Two, it points to the need for preservice preparatory programs that prepare 
educators to help students “develop cross-cultural competency within American national culture, 
within their own subculture and within and across different sub societies and cultures” (Banks 
2019; Ladson-Billings, 2000; Lambeth & Smith, 2016). Over the last past decade, many 
pathways aimed at developing educators’ ability to teach culturally diverse populations have 
been created. Unfortunately, there is limited data on the way these pathways prepare teachers to 
work with urban students (Ng, 2003). Many studies measure changes in attitude and conceptions 
about multicultural education but do not provide the insight needed to really help preservice 
teachers develop the competencies, skills, dispositions, attitudes, and pedagogical content 
knowledge needed to teach in urban school contexts (Milner, 2006).  
A number of urban students report that science is boring and confusing and that it causes 
anxiety and frustration (Basu & Barton, 2007; Krajcik & Blumenfeld, 2006; Taher et al., 2017). 
They also say that the content they learn has little to no relevance to their personal lives (Fusco, 







teachers to find ways to transform science education as a “multicultural practice” (Barton, 2000). 
Urban science educators have long tried to find solutions to the issues described above. Some 
researchers have suggested that students need to forge relationships with science mentors who 
have similar backgrounds as them (Basu & Barton, 2007; Rosser, 1997). Some have argued for 
the development of pedagogical strategies that value different ways of knowing (Basu & Barton, 
2007; Howes, 2002; Rosser, 1993), and others have argued for making science more 
multicultural by grounding instruction in students’ cultural knowledge and experience (Atwater, 
1996; Basu & Barton, 2007; Hammond, 2001; Rosser, 1993). These perspectives show that (a) 
there are differing opinions on what counts as a “valid” science experience, and (b) it is 
important for teachers to be prepared to handle the intersection of students’ cultural experiences 
and the science curriculum (Basu & Barton, 2007). However, many researchers and science 
educators agree with the notion “that all students should have fair and equal opportunities to 
become scientifically literate through authentic, real problem-based science education” (Barton, 
2000, p. 797). 
Unfortunately, minority students do not have access to equitable science experiences 
(Atwater, 1995; Bianchini, 2017). Inexperienced and underperforming teachers; preconceived 
notions of race, culture, gender, and ability; and grouping and labeling practices have all 
contributed to unequal and low-quality science experiences for urban students of color (Atwater, 
1995, 2000). This is problematic. As the demographic profile of students changes, so too should 
the representation of diversity in fields such as science, math, technology, and engineering 
(Atwater, 1996; DeBoer, 2019; Charleston et al., 2014). However, this requires more research 
into multicultural science education. Some suggest the use of additional epistemologies that 







curriculum, and classroom social dynamics interact in the teaching and learning of science 
(Atwater, 1996). For example, Mary Atwater (1996) suggests that the social constructivism 
epistemology be used in conjunction with multicultural science education to provide a lens 
through which one can view the elements listed above and better understand the ways in which 
the cultural realities of diverse students can be reconstituted to include a science reality. 
Szostkowski & Upadhyay (2019) posit the use of: social justice, sociocultural, antiracist, and 
equity frameworks in the design and use of curricula and classroom instructional practices. These 
two examples provide suggested approaches that span almost 23 years of research. However, as 
explained earlier, students of color continue to perform poorly on state and national science 
exams, which points to the long-standing issue of equity in science education (Szostkowski & 
Upadhyay, 2019). 
Social constructivists view learning as a process that involves the construction of 
knowledge claims about natural phenomena in a sociocultural context (Grant, 2002; Lynch, 
2019). As students make observations and/or predictions about nature, the way they problem-
solve and conduct experiments heavily depends on the way they perceive themselves and the 
world around them (Atwater, 1996). These perceptions then affect the way they learn (Herre, 
2013). Since race and culture play such a large role in people’s expectations, beliefs, attitudes, 
values, and language, they provide the “rules and guidelines” for examining and understanding 
interactions that take place between community members, events, or ideas (Atwater, 1996). 
Thus, the constructivism epistemology can provide opportunities to see the ways in which 
culture, class, gender, race, disability, discrimination, and power impact learning science 







As students think about who they are and who they want to become, they develop the 
competence needed for participation in relevant communities of practice (Brickhouse & Potter, 
2001). This competence is culturally situated and reflects the “gender and racial ideologies of 
societies” (Brickhouse, 2001). Brickhouse (2001) writes:  
The work of feminists such as Evelyn Fox Keller, Donna Haraway, and Sandra Harding 
showed the ways in which scientific knowledge, like other forms of knowledge . . . is 
gendered. Science cannot produce culture-free, gender-neutral knowledge. . .. A feminist 
perspective on learning should account for the ways in which gender shapes learning. The 
idea of learning as a transformation of identity-in-practice provides a way of thinking 
about learning that is gendered, but does not regard gender as a stable, uniform, single 
attribute. We are not born with gender. We do gender. (pp. 283, 290) 
As such, another goal of multicultural science education is to give both male and female students 
an “equal chance to experience educational success and mobility” (Banks, 1993). However, ideas 
around how to do this in science have changed over time. Much of the work done in the 
beginning was aimed at increasing female participation in science. This resulted in teachers using 
more traditional ideas and strategies of fairness in which they tried their best to treat girls and 
boys the same. Male and female students were given equal opportunities to speak in class, to 
work with equipment, and prove their understanding of difficult concepts (Brickhouse, 2001). 
However, over time our understanding of identity formation has improved. In the next section of 
this paper, I explain how gender influences learning for girls and women of color.  
Black Feminist Thought 
Black feminist thought aims to use the experiences and interpretations of Black women to 







well as the lived realities of those who have been oppressed (Collins, 1989). “Placing black 
women’s experiences at the center of analysis offers fresh insights on prevailing concepts, 
paradigms, and epistemologies . . . and on its feminist and Afrocentric critiques” (Collins, 1990, 
p. 553). Black feminist thought represents “Black women’s emerging power as agents of 
knowledge” that can foster social change through a self-actualized consciousness and the social 
transformation of political and economic institutions (Collins, 1990, p. 553). It uses an 
“intersectional analysis to shed light on the relationships between the structural, symbolic, and 
everyday aspects of domination and individual and collective struggles in various domains of 
social life (Alinia, 2015, p. 2334).  
Even though commonalities can be found in the experiences of women of color, the 
diversity that exists in class, sexual orientation, age, and religion points to the rich nature of the 
Black feminist epistemology and critical social theory (Patterson et al., 2016). The ideas, beliefs, 
descriptions, interpretations, and knowledge claims produced by Black women are valuable and 
represent different expressions of (a) the self-definition and self-valuation of Black women, (b) 
the nature of oppression, and (c) the importance of Black women’s culture (Collins, 1986). In 
most cases, these perspectives have not previously been considered; however, they do sometimes 
get rejected by those in power (Alinia, 2015; Collins, 1986). For new knowledge to be accepted, 
it must be validated by a credible community of experts who have expertise on the knowledge 
being presented (De Ridder, 2014). When White men control this process, new knowledge 
claims are often rejected because they violate the assumptions of the monolithic group or 
because the larger group doesn’t understand the realities faced by Black women (Collins, 1989).  
Black women have long suffered from an “outsider within” positionality in which they 







an outsider regardless of their involvement (Alinia, 2015; Collins, 1986). Even though oppressed 
communities have experiences that allow them to see things differently, “their lack of control 
over the apparatuses of society that sustain ideological hegemony makes the articulation of their 
self-defined standpoint difficult” (Collins, 1989, p. 749). When groups have unequal access to 
power, they will correspondingly lack the access “necessary to implement their perspectives 
outside their particular group” (Collins, 1989, p. 749). 
Internationally, Black feminists have inspired questions about complex systems of 
oppression, colonialism, and postcolonial relations (Henry, 2005). Black women throughout the 
African diaspora have sparked conversation about the ways in which sociopolitical-economical 
systems have created “unequal and hierarchical educational opportunities” that reinforce 
domination (Henry, 2005, p. 93). Some theorists suggest that Black feminism be considered 
when designing or engaging in classroom settings (Henry, 2005; Joseph, 1988). If Black 
feminism is the “philosophy of liberation,” then its practice is the “pedagogy of liberation” 
(Joseph, 1988). All over the world, Black feminists have identified the ways in which patriarchal 
and colonialist thought have concealed, ignored, and underrated women’s intellect, alternative 
knowledge, and political work (Joseph, 1988). This denies students from marginalized 
communities the right to learn about their own cultures from educators who have informed 
perspectives (Henry, 2005). In general, Black girls are not studied in proportion to other student 
populations (Lindsay-Dennis, 2010, 2015). However, in many cases they are considered socially 
resilient because they outperform Black male students in graduation rates; college enrollment; 
and other educational outcomes, such as GPA and standardized test scores (Hrabowski et al., 







differences seen between Black girls and their male counterparts (Bowman & Howard, 1985; 
Lindsay-Dennis, 2010). 
Most teacher preparatory programs do not prepare educators to deal with the gendered 
cultural realities of Black students (Banks & Banks, 2019; Ladson-Billings, 2000; Lambeth & 
Smith, 2016). This results in educators who don’t understand the ways in which mainstream 
norms and values conflict with the norms and values of Black culture (Lindsay-Dennis, 2010). 
“Black adolescent females require supportive environments to explore matters of ethnic/racial 
and gender identity issues” (Stevens, 1999). Educators need to be knowledgeable about the ways 
in which the school experiences of Black girls begin with learning about the way that “cultural 
realities and socialization experiences shape their culturally situated adaptive strategies, 
worldviews, identities, and behaviors” (Lindsay-Dennis, 2010, p. 30). While race, class, and 
gender are the systems that have the most effect on minority women, other oppressions, such as 
age, religion, ethnicity, and sexual orientation, affect many more people (Collins, 1990). 
However, placing the experiences of Black girls and other oppressed groups at the center of 
analysis allows one to see the ways that different models of oppression interlock (Collins, 1990; 
Lindsay-Dennis, 2010). In the classroom, Black feminist epistemology and critical social theory 
create opportunities for educators to ground their pedagogical strategies in the realities of their 
students (Collins, 1989, 1990; Patterson et al., 2016). 
 As outlined in Chapter I, the presence of women of color in the science community is 
scarce (Adams et al., 2014; Allen & Eisenhart, 2017; Ceglie & Settlage, 2016; Espinosa, 2011; 
Hill et al., 2010). In an article written by Charleston et al. (2014), researchers quoted a 2012 
report from the National Science Board indicating that Whites represent over 70% of the 3.5 







science and engineering, amounting to about 4% of the degrees obtained in these fields. Research 
in this area suggests that gaps in interest and participation in science start when female students 
of color are in elementary school and persist through their educational careers (Bacharach et al., 
2003; Buck et al., 2014; Haggerty, 1987).  
Similar to the study conducted by Rosa and Mensah (2016) described in Chapter I of this 
dissertation, Charleston et al. (2014) conducted a phenomenological qualitative study aimed at 
understanding the Black women’s experiences as participants in a White, male dominated field. 
Grounded in Black Feminist thought, they hoped to obtain results that would shed light on the 
positive and negative experiences that women of color have while trying to pursue careers in 
various science related fields. Their results showed that women of color experienced prejudice 
from both faculty members and peers in higher education STEM classes. “Teachers were 
sometimes complicit in their perpetuation of their marginalization,” and peers refrained from 
inviting participants to study sessions, “as a result of preconceived notions about their academic 
ability” (Charleston et al., 2014, p. 173).  
 In another study, Buck et al. (2014) used participatory action research to see the effects of 
different intervention methods on the attitudes of Black girls at an elementary school that was 
looking to revamp their school’s mission to become more science focused. These interventions 
included targeted professional development, the use of problem-based learning instruction 
coupled with inquiry-based lab experiences, and an opportunity for students to share their work 
and science-related understandings at a school-wide science fair. Researchers found that they 
were not only able to improve interest in science but also self-efficacy in science education. The 
girls who began with low self-efficacy, frequently reported that inquiry-based, hands-on 







also enjoyed the problem-based nature of the activities they were asked to engage in. Students 
liked that they could ask questions and find answers to their questions through exploration, and 
that they could reflect on and revise their work (Buck et al., 2014).  
In the next two sections, I will discuss the philosophical foundations and practical use of 
both problem-based and project-based learning. 
Problem-Based Learning  
At the end of the 1960s, a new medical school named McMaster University was opened 
in Canada. Historically, this was a time when medical science had evolved into a network of 
highly specialized fields, and the medical curricula reflected this new trend of specialization (De 
Graaff & Kolmos, 2007). There were those, however, who felt as though the process of ongoing 
specialization had gone too far, and physicians were losing sight of their patients. In response, a 
team of professionals designed a curriculum aimed at preparing and training general 
practitioners, using a problem-based approach (Barrows, 1996; De Graaff & Kolmos, 2007; 
Savery, 2015; Yaqinuddin, 2013). In opposition to rote memorization, this new medical 
curriculum valued the application of skills and content knowledge in practice and was centered 
on the patient and their symptoms. In the context of medical science, this new curriculum asked 
students to gather information regarding symptoms displayed by the patient, formulate questions 
with respect to the information gathered, and set their own learning goals (De Graaff & Kolmos, 
2007; Hmelo-Silver, 2004; Savery, 2015). Doing so engaged them in practice with the 
differential diagnosis (clinical reasoning) process earlier than the traditional curriculum (De 
Graaff & Kolmos, 2007; Savery, 2015). This required the integration of knowledge from 







way, students were more invested in their learning and experienced more meaningful learning 
activities (De Graaff & Kolmos, 2007). 
Soon after the success seen at McMaster University, problem-based curricula were 
adopted by other medical schools and institutions of learning around the world, including 
Maastricht in the Netherlands and Newcastle in Australia (De Graaff & Kolmos, 2007; Gijbels et 
al., 2005). During the 1970s and 1980s, many schools adopted alternative problem-focused 
curricula for some, if not all, of their students. These programs differed in design and use of 
problem-based strategies, but all seemed to promote independent learning and the development 
of clinical reasoning and problem-solving skills (Barrows, 1996). This mass dissemination and 
adaptation of problem-based curricula led to the development of a wide variety of educational 
practices under the umbrella of “problem-based learning”. While many agreed that these new 
methods would provide learners with some context for the content they were learning, some 
questioned whether these new instructional strategies were as effective as the traditional methods 
used before (Savery, 2015). Studies conducted by Albanese and Mitchell (1993) and Vernon and 
Blake (1993) both concluded that problem-based instructional strategies were as effective as 
traditional approaches in producing student outcomes on conventional tests of knowledge (i.e., 
medical certification and licensing exams) and that higher education students who learned in 
problem-based learning environments had more developed clinical reasoning skills. 
 Since its original inception, problem-based learning has transcended the field of medicine 
and can now be found in use as a teaching strategy in varied disciplines with students of all ages 
(Savery, 2015). In some ways, this has made it difficult to define problem-based learning as an 
instructional method. On the other hand, it shows a growing desire to part from centuries of 







engaging with a problem (Hung et al., 2008). Even though differences do exist in the definition 
of problem-based learning, most definitions can be characterized along three dimensions: theory, 
model, and practice. Theoretically, problem-based learning is grounded in the constructivism and 
situated learning theoretical frameworks, which situate learning in a social and physical context 
where students construct knowledge through interactions with cognitive and interpretive 
activities (Brown et al., 1998; Hmelo-Silver, 2004; Marra et al., 2014). The following principles 
have been cited in the literature as theoretical underpinnings of problem-based learning (De 
Graaff & Kolmos, 2007; Hung et al., 2008; Marra et al., 2014): 
● Problem-based learning is an approach to learning in which real-life problems are 
selected and used to meet educational objectives. This not only determines the direction 
of the learning process but provides opportunities for students to be successful on varied 
assessments that are aligned to the learning method. 
● Participant-directed learning processes provide students agency over their learning. After 
receiving the initial problem from their teacher, students are allowed to determine their 
own course of action (within the subject area guidelines) to solve the problem presented 
to them. 
● Experience learning provides opportunities for students to build on their prior knowledge 
and experiences. 
● Activity-based learning is central to the nature of problem-based learning because it 
involves the use of various activities (e.g., research, decision-making, and writing) that 
promote deep learning. 
● Interdisciplinary learning allows for the use of knowledge and tools that extend beyond 







● Exemplary practice requires that students’ experiences in problem-based learning settings 
(knowledge, theory, and methods) are meaningful and can be transferred to new 
situations. 
● Group-based learning values the social nature of learning in which most learning takes 
place in groups/teams.  
As an educational model, problem-based learning possesses all of the curriculum 
development elements: content and standards, student learning strategies, instructional methods, 
teacher roles, organization, and assessment. Change to one element warrants a change to the 
others. They all work together to create a coherent structural practice (De Graaff & Kolmos, 
2007). Even though the problem-based models used at different institutions vary, most share the 
following characteristics: curriculum structure, learning process, and assessment. Many problem-
based curricula have been designed so students engage in several inquiry cycles in which they 
formulate learning objectives, clarify concepts, research and search for information, define and 
analyze problems, conducts experiments, find explanations, and report information (De Graaff & 
Kolmos, 2007; Hmelo-Silver, 2004). Problem-based models also engage students in a self-
directed learning process in which they collaborate with others in small study groups (Barrows, 
1996; Hung et al., 2008; Wood, 2006). The role of the teaching staff in these situations is to 
facilitate the work that happens in these groups. Facilitators guide the learning process by 
engaging students in meaningful discussion and providing them with supplementary resources as 
they uncover the answers to the problems they solve (Hmelo-Silver, 2004; Marra et al., 2014). 
Project-based models also have assessment methods that are aligned to the content and skill 







In practice, problem-based learning situates learning in the context of solving an ill-
structured authentic problem that has multiple or unknown goals, solution methods, and criteria 
for solving them (Marra et al., 2014; Savery, 2015). This central proponent enables students to 
learn content and develop skills simultaneously (Hmelo-Silver, 2004; Marra et al., 2014). Unlike 
more traditional forms of learning, problem-based learning strategies present students with a 
problem before learning content. This differs from more traditional practices in which students 
are expected to become masters of content before being presented with a problem (Hung et al., 
2008). Problem-based learning is student centered and allows learners to be self-directed and 
self-reflective (Hmelo-Silver, 2004). Educators serve as facilitators in problem-based learning 
environments as opposed to being knowledge keepers. They support and model reasoning 
processes, probe student understandings, and facilitate group dynamics. They do not provide 
direct answers to questions or provide direct instruction (Hmelo-Silver, 2004; Marra et al., 
2014).  
Much of the research done on problem-based learning has been focused on higher 
education, primarily medical school. Therefore, it’s difficult to make inferences about what 
problem-based learning looks like in K-12 settings. Limitations such as school and classroom 
organization (city and state requirements), availability and skill of facilitators (teachers and 
support staff), and student motivation and development all present challenges in the use of this 
instructional strategy in K-12 settings (Hmelo-Silver, 2004). However, there is a learner-centered 
approach to instruction that has similar learning goals, has been used in similar contexts, and has 
had some success in developing students’ ability to be self-directed learners. This approach is 









The origins of project-based learning extend back over one hundred years. The idea that 
learning is promoted when students receive an opportunity to meet their own learning goals is 
mentioned in the work of Dewey, Piaget, and Bruner (as cited in Krajcik & Blumenfeld, 2006). 
This is also reflected in work done with constructivism and constructionism. Constructivism is a 
theoretical term that describes learning as a process in which individuals create knowledge 
through interactions with their environment. This understanding views learning as an 
individualized process in which students build new knowledge through investigative activities 
and conversations with peers and community members. The constructionism framework extends 
the notion that learners construct knowledge through exploration and adds the idea that learners 
learn best when they create personally meaningful artifacts (Grant, 2002). 
While problem-based pedagogy was being used in Canada, a project-based approach was 
introduced to engineering education in Denmark. During the early 1970s, two new universities 
were opened in Denmark: Roskilde University Centre and Aalborg University. Both institutions 
used experiential learning and learning by doing (De Graaff & Kolmos, 2007). Project pedagogy 
was introduced as a form of teaching in which students worked with problems that were closely 
aligned with authentic, real-life obstacles. While assuming the roles of facilitator, initiator, 
frame-builder, supporter, and consultant, project-based educators used teaching strategies that 
incorporated five central principles: problem orientation, project organization, interdisciplinary 
considerations, student control, and use of skills and content knowledge that modeled those used 
by professionals in the field. These principles were implemented and fully institutionalized at 







Project-based learning is an instructional method that is focused on developing classroom 
activities through which teachers’ direct students’ learning toward specific learning outcomes 
and objectives. Grounded in the constructivism, constructionism, situated learning, and 
sociocultural frameworks, this instructional approach is built upon authentic learning 
activities that promote motivation and student interest and fosters the development of problem-
solving skills through the acquisition and application of knowledge (Gijbels et al., 2005). 
Project-based learning provides students with opportunities to explore meaningful topics and 
construct artifacts that are personal and reflective of what they learn. While working on projects, 
students are granted student voice and student choice and are encouraged to shape their projects 
to fit their own interests. Doing so provides students with more autonomy over their learning, 
while increasing accountability (Gijbels et al., 2005). In the literature, examples of project-based 
learning vary in both design and implementation. In some places it is called problem-based 
learning; in other places it is called disciplined inquiry. Even though these two things are 
different, they do share similar characteristics (Grant, 2002; Thomas, 2000). These 
commonalities include (a) an introductory activity to anchor the inquiry; (b) a task, driving 
question, or guiding question; (c) a process or investigation that culminates with the creation of 
one or more artifacts; (d) inclusion of supplementary resources (e.g., textbooks, articles, subject 
matter experts, community members); (e) scaffolding to attend to heterogeneous groups of 
students; (f) the use of collaboration in and out of the classroom (with peers or external 
specialists); and (g) opportunities for reflection and transfer (Grant, 2002). Even though these 
features are shared across different interpretations of project-based learning, they still allow for a 







diversity has resulted in a range of research and developmental activities and an inability to 
define a universal theory or accepted model (Thomas, 2000). 
Even though both problem-based learning and project-based learning have been used 
interchangeably, some of today’s researchers differentiate between the two (Prince & Felder, 
2006). In most cases, problem-based learning is defined by open-ended and ill-structured 
problems that are used to frame and provide a context for learning. They are usually aligned with 
real-life problems that have been modified to meet educational objectives. These problems are 
important in determining the direction of learning, putting an emphasis on asking questions 
rather than finding answers, and helping to connect content to context (De Graaff & Kolmos, 
2003). After the problem has been presented, students usually work in groups to identify learning 
needs and create a solution. Class time can be used for (a) group collaborative work time, (b) the 
teaching of mini lessons on important content or issues that are common to everyone, or (c) 
whole class discussion (Prince & Felder, 2006). Different models of problem-based learning, 
however, organize the elements differently, which allows for flexibility in the general format (De 
Graaff & Kolmos, 2003). 
Project-based learning is similar to problem-based learning. In fact, the work required to 
complete a project is problem-based in nature (De Graaff & Kolmos, 2003). Nonetheless, both 
project-based learning and problem-based learning usually involve students working on 
collaborative teams to complete open-ended assignments; that resemble the challenges 
professionals face in the real world. They also both require students to create solutions that will 
need to be re-evaluated at some point; in response to the outcomes of their efforts (De Graaff & 
Kolmos, 2003). In contrast, project-based learning typically involves the completion of a project 







requires the application of previously acquired knowledge, while solving problems in problem-
based learning environments, requires the acquisition of new knowledge (Prince & Felder, 
2006).  
 Problem-Based Learning and Project-Based Learning 
Considering the historical development of both problem and project-based learning, in 
practice the two aren’t mutually exclusive. Since both were created using the same foundational 
principles of learning, some researchers suggest the adoption of a model that is composed of 
characteristics of both problem-based and project-based learning (De Graaff & Kolmos, 2003). 
This approach uses problems as the starting place for learning and engages students in learning 
activities that consider their prior experiences and place learning in context. Research done on 
the use of both approaches shows positive outcomes. In one study, a hybrid problem-based and 
project-based curriculum was used at the University of Louvain in Belgium. Three cohorts of 
students took a class where the hybrid curriculum was used, and two cohorts took a class where a 
more traditional curriculum was used. This study was unique because the research team was 
composed of members who represented multiple disciplines–engineering and education. 
Researchers used pre and posttests of students’ basic knowledge, understanding of concepts, 
ability to apply them, intrinsic versus extrinsic goal orientation, overall satisfaction with the 
curriculum, learning and self-regulation strategies, attitudes toward collaborative group work, 
attitudes toward the instructor’s teaching practices, satisfaction with overall teaching, and 
perceptions of the impact of using a hybrid project and problem-based curriculum. The results 
indicated that of 79 between-group comparisons of knowledge, conceptual understanding, and 
application, 23 favored the new curriculum, one favored the old curriculum, and the remainder 







were supported while taking the class, even though they felt challenged and had to work harder 
than students in the more traditional class. They saw more connections between theory and 
practice and took more control over their own learning. Students who experienced the new 
curriculum were more inclined to search for information, seek help when needed, and verify their 
completed work. The teachers who participated in the study saw that the hybrid curriculum had a 
positive impact on students’ ability to work collaboratively, model, transfer knowledge, and 
conduct analyses. They also saw a significant positive change in their interactions with students 
and other teachers; as well as their willingness to deal with influx and change (Prince & Felder, 
2006). Even though this study was done with college students, the results show positive 
implications for the use of interdisciplinary work as well as the use of problem-based pedagogy 
embedded in project-based curricula (Arhar, 1997; Prince & Felder, 2006).  
The idea that problem-based learning can be merged with project-based learning has led 
to the development of different ways of characterizing various forms of both. Doing so, has 
opened the possibility of integrating aspects of problem-based learning with aspects of project-
based learning, similar to the way mixed models are used in the real world. These methods 
recognize and foster the interdisciplinary knowledge needed to analyze and solve diverse 
problems and invite people to mix models to create a more meaningful and authentic learning 
environment (De Graaff & Kolmos, 2003). The work of De Graaff and Kolmos (2003) points to 
a project distinction that is based on levels of student autonomy. 
1. The Task Project - This project is defined by a large amount of preliminary planning and 
the direction given by the teacher through the choosing of the problem and the student-
oriented methods students will use in the project. Here, the primary concern of the 







Sometimes the parameters are so narrow that students don’t have the opportunity to 
decide their starting point or the process. Instead, they follow a strictly directed process 
where choices have already been determined. This can hinder student motivation.  
2. The Discipline Project - This project is characterized by the preliminary choosing of the 
disciplines and the subject area methods. Here students may be given the opportunity to 
define the problem within the guidelines of the disciplines. 
3. The Problem Project - This project does not have a predetermined course of action and 
has not been planned in detail. The problem presented to students directs them toward the 
discipline and methods needed to solve the problem. Here students may opt to work with 
several disciplines and subject methods.  
Another approach distinguishes different modes of problem-based learning in which the focus is 
on learning objectives. The work of Savin-Baden (2000) points to five models of problem-based 
learning: 
1. Model 1: Problem-Based Learning for Epistemological Competence - In this model, the 
knowledge is propositional with a narrow problem scenario. 
2. Model 2: Problem-Based Learning for Professional Action - In this model, problem 
scenarios are aligned with real-life situations and knowledge is practical and performance 
oriented. 
3. Model 3: Problem-Based Learning for Interdisciplinary Understanding - In this model, 
the problem scenario is centered on a situation that requires theory and practice, and 







4. Model 4: Problem-based Learning for Transdisciplinary Learning - In this model, the 
problem scenario is based on different dilemmas, and the objective is to test given 
knowledge.  
5. Model 5: Problem-Based Learning for Critical Contestability - Here the problem 
scenario is open and offers several possible solutions. In this model, knowledge may be 
contingent, contextual, and/or constructed by the learner, depending on the situation.  
All five of these models, coupled with the three before, demonstrate the differences that exist in 
the broad landscape of problem-based and project-based learning. Even though these differences 
invite educators to develop teaching strategies that incorporate characteristics of both, they also 
make it difficult for educators to determine which elements are the most important to include in 
the design of classroom activities. This variety also makes it difficult to review literature 
pertaining to project- and problem-based learning. There are a vast number of classroom 
practices and activities that have been incorrectly labeled as being examples of problem- or 
project-based learning. This has made it extremely difficult to conceptualize what project-based 
learning and problem-based learning are and what they both look like in practice (Thomas, 
2000). Later in this chapter, I present a working definition of the use of problem-based learning 
within the context of project-based learning environments, as relates to science education.  
However, to fully understand my conceptualization of project-based learning, I must first discuss 
the nature of science, science epistemology, and the role that argumentation plays in both. 
The Nature of Science and Science Epistemology 
Epistemology is the philosophical study of knowledge. It typically involves the 
investigation of the origins, scope, nature, and limitations of knowledge. However, in literature it 







philosophers of science, historians of science, and science educators all struggle to define what 
these two terms mean and how they are related. Some argue that the complexity that exists 
between them, is far too abstract for K-12 students and is not important to their daily lives (Abd-
El-Khalick et al., 1998). They suggest that understanding the intersection between the nature of 
science and science epistemology is only important for graduate students in philosophy and 
should be absent from conversations about K-12 instruction, because most students will never be 
philosophers or historians of science; and therefore, only need a general understanding of the 
nature of science (Abd-El-Khalick et al., 1998). This includes understanding that scientific 
knowledge is tentative and subject to change; empirically based (created from observations made 
of the natural world); subjective (theory laden); and involves the use of explanation (Abd-El-
Khalick et al., 1998). While I agree that K-12 students only need the aforementioned 
understandings of the nature of science, I believe that the complexity that exists within and 
between the nature of science and science epistemology is important for educators to consider 
when designing learning environments and choosing pedagogical practices that should help 
students understand what science is, how it operates, who’s involved, and why it’s important.   
Therefore, I will define them separately in this paper. 
The Nature of Science 
 The Nature of Science is a phrase that refers to what science is, how it works, how 
scientists act, how scientists engage within a social community of practitioners, and how society 
directs and reacts to scientific endeavors. This venture stems from studies done on the history, 
sociology, and philosophy of science along with work done in psychology. Understanding the 
nature of science is essential to participation in the sciences. Institutions of education began to 







of the 20th century. This, however, gave rise to the creation of the enduring myth of the scientific 
method and several failed attempts to incorporate the value of inquiry and epistemology in 
science education. It wasn’t until the scientific literacy movement of the 1990s that the science 
education community began to make a concerted effort to incorporate the nature of science 
understanding as a goal of effective science instruction. These knowledge gains would not only 
make science more interesting but would help teachers address alternate conceptions that 
students may have. They would also help students develop better understandings of science 
content through the following (McComas & Wang, 1998):  
1. The sociocultural aspects of the nature of science. This fosters social participation in 
science and nonscience related contexts. This is needed to understand democratic and 
socioscientific issues and is required to participate in decision-making processes  
2. The role of human participation in science. This acknowledges the role of humans in the 
creation and support of science norms and moral obligations belonging to the science 
community of practitioners.  
For science educators, the nature of science should represent a fundamental domain in the 
portrayal of science to students (McComas & Wang, 1998). Unfortunately, many science 
teachers do not possess adequate conceptions of the nature of science (Lederman, 1992). This 
becomes problematic when teaching science because students' conceptions of the nature of 
science tend to be implicitly derived from views expressed by their teacher (McComas & Wang, 
1998). This warrants additional research that examines the complex factors that mediate 
teachers’ conceptions of the nature of science and how these conceptions manifest in practice. 
These factors include curriculum constraints, administrative policies, and teachers’ theoretical 







views of the nature of science, they are still developed through curriculum materials and 
textbooks. This requires teachers to be critical in their examination of tools used in the classroom 
to prevent the internalization of false views of the nature of science (McComas & Wang, 1998).  
The Nature of Science and Argumentation 
Argumentative discourse is authentic to the nature of science and is a central goal of 
science education. The use of argument in the classroom can engage students in a complex 
scientific practice in which they construct and justify knowledge claims (Duschl et al., 2007).  
Therefore, there is a theoretical connection between the practice of science, scientific reasoning, 
and the learning of science content. This understanding suggests that a particular science idea 
requires knowledge about how that idea is constructed and that the process of learning should be 
aligned with the process by which scientists construct knowledge. This would include knowledge 
about the construction and critique of claims in both scientific reasoning and practice (Ford, 
2008). Although there is a growing body of research focused on the use of argument in the 
science classroom, there has been little focus on the development of effective instructional tools 
(McNeill et al., 2006).  
Despite the consensus that argumentation is essential to the generation of knowledge 
about the natural world, it is a broad, multidisciplinary, and polysemic term that is used 
differently within different disciplines (Garcia-Mila & Anderson, 2007; Jiménez-Aleixandre & 
Erduran, 2007). There are, however, three classifications of arguments: rhetorical, dialectical, 
and analytical. Rhetorical arguments, also known as didactic arguments, are one-sided and 
usually work by persuading others that one viewpoint is more convincing than others. These 
arguments are frequently discursive in nature. Dialectical arguments, also known as dialogical or 







arguments follow the rules of logic and may be inductive (include analogies and causal 
correlations) or deductive (include syllogisms and causal correlations). Current science education 
reform promotes the use of dialectical and analytical arguments, which stray from the traditional 
use of rhetorical arguments in the classroom (Tippett, 2009). 
Designing learning environments that promote and facilitate argumentation is complex; 
even though argumentation, along with other epistemic practices, serve as one of the goals in 
constructivist science classrooms (Duschl, 2007; Jiménez-Aleixandre & Erduran, 2007). 
Learning argumentation in the science classroom requires students to construct their own 
understandings through participation in the inquiry process. This participation is key in the 
performance of epistemic practices. The design principles required for this to occur include the 
role of the students, role of the teacher, curriculum, assessment, metacognition, and 
communication. Each of these principles revolve around knowledge evaluation. The best 
learning environments for students to engage in the discursive practices of scientists are the ones 
that provide students opportunities to solve problems (Jiménez-Aleixandre & Erduran, 2007).  
Science Epistemology 
Philosophers of science have been concerned with outlining an epistemology of science. 
They believe that scientific knowledge and the processes involved in constructing it are vastly 
different from other forms of knowledge and ways of knowing (Sandoval & Millwood, 2007). 
Therefore, science epistemology strays from a focus on what is learned, how it’s learned, by 
whom it’s learned, and under what conditions, to a focus on the logical and philosophical 
foundations on which scientific claims are constructed and justified (Kelly et al., 1993; Sandoval 
& Millwood, 2007). There are three conceptualizations of epistemology that allow researchers to 







1. Disciplinary perspective. This view uses the history and philosophy of science as a 
lens to examine the role of disciplinary knowledge for science learning. This view 
focuses on knowledge within practicing science communities and conceptualizes 
epistemology as a discipline concerned with the examination of the nature of science, 
criteria for theory choice, role of theory-dependence in scientific methodology, and 
the structure of disciplinary knowledge. 
2. Personal perspective. This view uses philosophy as a lens to examine internal 
representations of cognitive structures and personal views of truth to determine how 
they influence learning. 
3. Social practices. This view uses sociocultural, ethnographic, and pragmatic studies of 
learning to focus on the social practices that determine what counts as knowledge in 
local contexts. This occurs through an examination of how knowledge claims are 
reasoned, justified, and negotiated through social interaction in particular learning 
events. 
Science Epistemology and Argumentation 
All three perspectives on science epistemology have significant implications within 
science education. With one of the aims of science education being to engage students in the 
practice of science through argumentation, epistemology becomes increasingly important to 
students’ understanding of science and the work that scientists do. When trying to get students to 
use evidence to support their claims, one must consider the epistemological questions: What 
counts as a claim? How do you construct one? What counts as evidence? How do you determine 







answers to these questions will be dependent on students’ epistemological notions about the use 
of argumentation (Sandoval & Millwood, 2007). 
For an argument to be considered persuasive and convincing, it must be consistent with 
the epistemological criteria used by the larger scientific community for “what counts” as valid 
and warranted scientific knowledge. Examples of important epistemological criteria in science 
include: (a) the need to provide evidentiary backing or rationales for knowledge claims and 
proposed tests of claims (Hogan & Maglienti, 2001); (b) the need for coherence between 
theoretical frameworks and observations of phenomena (Passmore & Stewart, 2002); (c) the 
importance of establishing the credibility of evidence (Driver et al., 2000); (d) the value of 
parsimony (Sandoval & Reiser, 2004); and (e) the importance of basing arguments on reasoning 
that is logically valid (Zeidler, 1997).  
While studies that examine students’ engagement with argumentation are important, they 
do not provide a thorough understanding of the epistemological ideas that students possess while 
engaging in argumentation or the influence that such work has on the development of these 
ideas. Therefore, some argue that research should focus on the sense-making patterns that 
students display when engaging in inquiry-oriented instruction. This argument supports the 
practical epistemology theory, which proposes the idea that students develop highly contextual 
epistemologies as they participate in practical activities in which they try to understand and 
explain the world they live in. This theory operates under the belief that students develop their 
epistemologies when explaining new situations (Sandoval & Millwood, 2007).  
Project-Based Science Learning 
There are two primary goals of the current science education reform. The first is the use 







second is for science educators to use more innovative teaching methods to increase student 
investment and motivation; and make learning science more meaningful and authentic to the 
nature of science. One method used to accomplish these goals is the use of a derivative of 
project-based learning called project-based science (Krajack et al., 2008). In literature, the term 
project-based science is sometimes used interchangeably with project-based learning. This may 
be because it originated in science and engineering learning environments. However, as 
mentioned above, the project-based framework is now used across all disciplines. Therefore, for 
the purpose of this study, the term project-based science specifically refers to the use of the 
problem-based and project-based frameworks in science contexts (Panasan & Nuangchalerm, 
2010). In the next section, I will define project-based science as it is discussed in literature, 
present examples of project-based science, discuss its limitations, and present several areas of 
improvement to increase student achievement.   
Project-Based Science Pedagogy  
In project-based science environments, students go through an extended process of 
scientific inquiry in response to a complex driving question, problem, or challenge provided by 
the instructor. The purpose of this question is to introduce and structure the project. Not only 
should it encompass important science content, but it should be anchored in a real-world 
phenomenon and designed in a culturally relevant way (Rivet & Krajcik, 2004). Good driving 
questions have five key features. They should be feasible and provide students an opportunity to 
design and implement investigations to answer the driving question. They should be worthwhile, 
in that they should be rich in science content, align with state or national standards, and be 
authentic to the practice of science. They should be contextualized and grounded in real-world 







in nature and not promote the harm of individuals, organisms, or the environment (Krajcik & 
Blumenfeld, 2006).   
While allowing for some degree of student voice and choice, in project-based science 
environments students pursue solutions to the driving question by asking and refining questions, 
debating ideas, making predictions, designing plans and/or experiments, collecting and analyzing 
data, drawing conclusions, communicating their ideas and findings to others, asking new 
questions, and creating artifacts (Perkins, 1993). Essential to project-based science are the 
features of active construction, situated cognition, community, discourse, and cognitive tools 
(Novak & Krajcik, 2005; Rivet & Krajcik, 2004). Students’ active construction of knowledge 
refers to the ways in which students construct knowledge through their participation in the 
task/investigation and the development of artifacts. The creation of these artifacts provides 
students with opportunities to learn science, apply information, and demonstrate an 
understanding of the driving question. Situated cognition refers to the meanings that students 
make through their interaction with nature and with others as well as their interpretations of 
those interactions within the science discipline. These interactions take place within a 
community of practitioners where students learn ways of knowing, what counts as evidence, and 
how ideas are shared within the community of practice. Through the manipulation of dynamic 
representations, cognitive tools enhance what students can learn and provide opportunities to 
engage with phenomena that otherwise would not be possible in the classroom setting (Rivet & 
Krajcik, 2004). 
Project-Based Science, the Nature of Science, and Science Epistemology 
The diversity of project-based learning features, coupled with the lack of a universally 







developmental issues (McNeill & Krajcik, 2007). Despite its variation in conception and 
implementation, studies suggest that project-based learning environments can guide students to 
become experts in a field of study, capable of identifying problems, analyzing data, and 
contributing to solutions. Two characteristics of expert vs. novice studies can be used to quantify 
the nature of expertise (Gijbels et al., 2005):  
1. Experts possess coherent knowledge. They possess a well-structured network of 
domain specific concepts and principles that represent key phenomena and their 
relationships. This is significantly different from the knowledge of beginners, 
consisting of isolated definitions without an understanding of underlying principles 
and patterns. 
2. Experts know varied ways to use relevant elements of knowledge to describe and 
solve novel problems. The difference between experts and novices lies in the ability to 
recall information and use it effectively to solve problems. While both experts and 
novices may possess the ability to recall facts, novices often lack the contextual 
knowledge necessary to know when and how to apply that knowledge effectively.  
I believe that the project-based framework may be able to engage students in meaningful 
practices of science in which they develop adequate understandings of science content, the nature 
of science, and science epistemology (Panasan & Nuangchalerm, 2010). Research grounded in 
the situated cognition framework suggests that knowledge acquisition is directly linked to the 
activities students are asked to complete and the learning environment in which they take place 
(Brown et al., 1989; Schwartz et al., 2004). Since project-based science engages students in 
inquiry activities that have been designed to emulate the work scientists do in the field, if 







students to develop conceptions of the nature of science (Carey et al., 1989; Schwartz et al., 
2004). These understandings can then help facilitate the learning of (a) science content, (b) the 
ways in which argumentation operates in the construction and use of scientific knowledge within 
the discipline and in everyday life, (c) the value of different types of scientific knowledge, and 
(d) how they are used in informed decision-making (McComas & Wang, 1998).  
Examples of Project-Based Science 
Research on project-based science has mentioned an array of instructional activities that 
apply the basic tenets of cognitive apprenticeship in which students apply scientific skills and 
ideas to investigate meaningful problems. This involves the use of scientific practices, such as 
argumentation, explanation, scientific modeling, and engineering, which provides students with 
opportunities to learn science and develop explanations about specific phenomena (Krajcik et al., 
2008). Unfortunately, specific strategies and design methods are largely absent from the 
literature. In this section, I will present and critique the use of two different middle school 
project-based curricula. 
I, Bio Project-Based Science Curriculum Design 
The I, Bio project-based science curriculum was designed by Kanter et al. (2001) to 
promote middle school students’ meaningful understanding of the human body. Researchers 
wanted the design of this curriculum to be a collaborative effort. They invited practitioners, 
education researchers, and content experts to work on a participatory team in which each 
member’s knowledge, experience, and expertise was valued. These collaborative teams, or work 
circles, also included a Learning Science faculty member, who had prior experience designing 
project-based curricula, and a biomedical engineer with expertise in systems physiology and 







ensure the curriculum’s practicality in use, its inclusion of meaningful content, and its alignment 
with the practice of science.  
Researchers first decided what content standards they were going to include in the 
project. They decided to focus on the national standards centered around the human body. Since 
biomedical engineers apply basic biology and medical science to solving real-life problems, 
researchers decided that they wanted to align the project with the work biomedical engineers do. 
This inspired the creation of a design project in which students explored how well their school 
lunch choices met the needs of their bodies. Students were asked to design and redesign their 
school lunch choices until a measurement of the amount of energy provided by the school’s 
lunch was equal to the energy their bodies used up by doing work. In doing so, researchers 
believed that students would learn how their organs and organ systems interact to transform 
energy in food into energy used by the body to do work.  
Researchers designed the I, Bio project to consist of three spirals in which students would 
be exposed to the same content multiple times, to prepare them for the design project. The first 
spiral was used to introduce the project, and designers posed a driving question that asked: “How 
well do my school lunch choices meet my body’s energy needs?” As a way of introducing the 
project, students were asked to read Hatchet by Gary Paulson. Students were then asked to think 
about where their bodies receive energy to perform work. They were also asked to measure the 
amount of energy they consumed and used throughout the day. The purpose of this part of the 
curriculum was to reveal students’ prior conceptions of energy and work and provide the tools 
they were going to need to successfully complete the project.  
In spiral two, students received more experience measuring the amount of energy taken in 







answering the question: “How do I know there really is energy in food?” Students conducted 
mini experiments with calorimeters and oxygen sensors in which they were asked to collect and 
record data regarding how much energy they were taking in through the food they ate. In the 
second half of the spiral, students engaged in argumentative discourse and debated how the body 
worked. They also conducted experiments to determine how much work their bodies were doing. 
In spiral three, students were asked to design a school lunch and had to design and redesign their 
school lunch choices until a measurement of the amount of food energy equaled the amount of 
energy used through doing work. They then had to present their findings to the class. 
Critique of I, Bio Curriculum. There are several things that I like about this 
curriculum, all of which have been supported by research. I like that curriculum designers took 
an interdisciplinary collaborative approach to the design of the curriculum. This not only ensured 
the curriculum’s practicality in use, it guaranteed its inclusion of worthwhile and meaningful 
content (Akins & Akerson, 2002; Arhar, 1997; Bybee, 2014; Duchovic et al., 1998; Farusi, 2006; 
Flannery & Hendrick, 1999; Krajcik, 2014; McComas & Wang, 1998; Pruitt, 2014). It grounded 
the activities that students were asked to do in the work that biomedical engineers do in the field 
(Bencze & Hodson, 1999; Butler & Wiebe, 2003; Bybee, 2014; Flannery & Hendrick, 1999; 
Krajcik, 2014; Pruitt, 2014). I also like that this curriculum was designed to expose students to 
three cycles of the same content and provide them with practice using the tools they needed to 
successfully complete their final design challenge (Bransford et al., 2006; Bybee, 2014; Clark et 
al., 1998; Krajcik, 2014; Pruitt, 2014). Students also received multiple opportunities to engage in 
the practice of science by being asked to conduct mini experiments within each cycle. This 
provided them with multiple opportunities to develop various science specific skills, such as 







prototypes, and collaborating with peers (Berland et al., 2016; Buck et al., 2014; Bybee, 2014; 
Meyer & Crawford, 2011; Osborne, 2014; Krajcik, 2014; Pruitt, 2014). In the next paragraph, I 
present several recommendations to enhance the overall effectiveness of this project, based on 
literature. 
In terms of developing students’ literacy skills, it would have been nice to see more of an 
interdisciplinary effort involving the students’ reading of Hatchet in their English Language Arts 
(ELA) class (Akins & Akerson, 2002; Arhar, 1997; Bybee, 2014; Duchovic et al., 1998; Farusi, 
2006; Flannery & Hendrick, 1999; Krajcik, 2014; McComas & Wang, 1998; Pruitt, 2014). This 
would have kept the project investment piece but would have also extended the use of this 
project to more urban contexts in which literacy may be a bigger problem (De Leon, 2002; 
Hughes‐Hassell & Rodge, 2007; Kennedy & Shiel, 2010; MacDonald & Figueredo, 2010). This 
would have also opened a window of opportunity to integrate a research component into the 
project in which students would be asked to do research on some of the topics explored in the 
project and read scientific literature to build their literacy levels (Hapgood & Palincsar, 2006; 
Krajcik & Sutherland, 2010; Morrow et al., 1997). As mentioned above, I think that it was great 
for project designers to engage students in multiple experiences in which they were conducting 
experiments, but I wonder if every student walked away from those experiences with a thorough 
understanding of the worthwhile science content that was attached to the project. The researchers 
required students to deliver a presentation once the project was finished, but there were no 
additional checks for understanding or formal/in-formal assessments given during the time 
students were working on the project (Doppelt, 2003, 2005; Marx et al., 2004; Quellmalz et al., 
2012; Van den Bergh et al., 2006). In addition, the curriculum designers talked about the tension 







interfere with students fully understanding the target science standards. I think that researchers 
might have considered the use of constructivist-inspired instructional tasks that allow for the 
acquisition and mastery of schema prior to their use in problem-solving activities. Providing 
students with this foundation might help them build up relevant prior knowledge before engaging 
in challenging project-based learning activities (Clark et al., 1998; Feldmann & Carbon, 2003; 
Grant, 2002; Krajcik, 2014).  
 I also thought that curriculum designers could have found more ways to have students 
use technology before the third spiral. This recommendation is supported by several studies in 
which researchers used video and computer games as grounding experiences prior to 
participation in learning activities. In one study, students who had an opportunity to interact with 
the difficult historical issues in the Civilization game were better prepared for future more formal 
learning (Hammer & Black, 2009). Black and McClintock (1996) found that the Archaeotype 
archaeological simulation game provided students with grounding experiences for studying 
ancient history because it gave them direct experience with the ways in which archaeologists 
interpret data. This facilitated the development of their argumentative, pattern recognition, 
interpretation, and explanation skills (Black et al., 2014).   
Investigating and Questioning our World through Science and Technology Project-
Based Science Curriculum Design 
Investigating and Questioning our World through Science and Technology (IQWST) is a 
middle school curriculum that consists of multiple coherent units. To address concerns around 
the alignment between project-based curricula and rigorous science standards, Krajcik et al. 
(2008) designed this curriculum to help students understand both science content and scientific 







scientific practices, and learning contexts, the designers of IQWST scaffolded each unit so that 
students engage with progressively more difficult content over time (Krajcik et al., 2008; 
Shwartz et al, 2008). 
One of the first units designed in IQWST focused on three central ideas in chemistry: 
conservation of matter, substances and their properties, and chemical reactions. Krajcik et al. 
(2008) asked students to answer the following question: “How can I make new stuff from old 
stuff?” Curriculum designers used a learning-driven design model to create materials that were 
grounded in project-based pedagogy. The learning-goals-driven design model includes three 
stages: (a) specifying learning goals, (b) developing materials, and (c) gathering feedback. When 
specifying the learning goals of the project, the curriculum designers created a concept map that 
included content standards, interrelated concepts, and big ideas. This gave designers an 
opportunity to identify the content necessary to understand each standard, misconceptions 
students may have, and what supports may be needed to address these misconceptions. After 
creating their concept map, designers then decided what cognitive tasks they were going to ask 
students to perform. They used science inquiry standards, habits of mind, and Bloom’s taxonomy 
to inform the creation of the learning performances. This forced them to identify the relationship 
between the content standards and the inquiry activities students were going to be asked to do. 
Next, the designers moved into the development stage and addressed the conceptualization, 
learning tasks, instructional sequence, and rubrics. The contextualization step connected 
students’ prior experiences to the learning goals and real-world contexts. This step required the 
development of the driving question, which had to meet all four criteria, outlined in the project-
based science section above. The next step was to determine what the learning tasks were going 







an instructional sequence to help build students’ understanding and designed the project 
assessments and rubrics.  
Critique of IQWST “How Can I Make New Stuff From Old Stuff” Unit. Like 
the I, Bio project, there are several things that I like about the creation of this project. I chose to 
review the creation of this project because the designers used the same process that I use when 
designing project-based science curricula (learning-goals-driven design model), even though I 
incorporate additional features. As outlined above, the learning-goals-driven design model 
includes three stages: (a) specifying learning goals, (b) developing materials, and (c) gathering 
feedback (Krajcik et al., 2006, 2008; Shwartz et al., 2008). To help identify the learning goals for 
the unit in the first stage of the learning-goals-driven design model, the project designers created 
a concept map. In my own experience, concept maps can be extremely useful in identifying the 
science content standards, inquiry skills, learning objectives, big ideas, and important content to 
be used in a science unit (Martin, 1994; McDaniel et al., 2005; Rice et al., 1998; Stewart et al., 
1979; Vanides et al., 2005). They not only help with the alignment between the aforementioned 
learning goals and the inquiry activities in the unit, but they can also be used to assess student 
learning (Vanides et al., 2005).  
During the second stage of the learning-goals-driven design model, unit designers used 
the learning goals identified in stage one to develop the contextualization, learning tasks, 
instructional sequence, assessments, and rubrics (Krajcik et al., 2006, 2008). In the 
contextualization stage, designers created the driving question. This driving question should have 
been worthwhile, feasible, meaningful, grounded in real-world phenomena, and aligned with the 
learning tasks, assessments, and rubrics (Krajcik & Blumenfeld, 2006; Krajcik et al., 2006, 2008; 







performance task were misaligned. While I can see the connection between the driving question, 
(“How can I make new stuff from old stuff?) and the performance task that asked students to mix 
old stuff to make new stuff (fat and sodium hydroxide → soap), I don’t understand why project 
designers chose soap as a medium for students to use to answer that question. Yes, it is easy to 
connect soap to the everyday experiences of students. However, the science content required to 
fully understand the saponification process that occurs in the creation of soap, extends beyond 
the three central ideas that were covered in the unit. This is especially true with regards to the 
particle nature of matter, which easily lends itself to covering topics that include atoms, 
molecules, ions, and other important microscopic understandings. The designers themselves 
acknowledged that they struggled with this. “In developing the Stuff unit, we struggled to 
contextualize the unit in a question that might interest students and connect to their lives outside 
of school, while simultaneously allowing us to address the chemistry standards” (Krajcik et al., 
2008). 
I also question how much attention was paid to the development of students’ 
understandings of the nature of science and science epistemology. As outlined above, project-
based science can engage students in meaningful practices of science that help them develop 
adequate understandings of science content, the nature of science, and science epistemology 
(Panasan & Nuangchalerm, 2010). In the Stuff unit, the designers created instructional tasks 
aimed at making complex scientific ideas understandable to help students’ value scientific 
concepts (Krajcik et al., 2008). While researchers did not specify all the learning tasks used in 
the unit, I don’t believe students walked away from the unit with strong understandings about 
what science is, why it’s important, how it operates as an enterprise, and how the practices they 







and interdisciplinary (Klein, 2000; McComas & Wang, 1998; Palmer, 1999). When scientists 
research the answers to questions, they use concepts, theories, tools, and techniques across 
domains (Klein, 2000). If students are to understand the nature of this work, they need to know 
that science is universal and does not require the use a specific method/approach to inquiry, 
involves collaboration across disciplines, and is codependent with technology. In addition, 
scientific knowledge is tentative and subject to change (Lederman, 1992; McComas et al., 2002). 
Students who engaged with this unit did not walk away with these understandings, nor were they 
able to demonstrate these understandings in the completion of learning tasks (Krajcik et al., 
2008, pp. 13-14). 
These two critiques are supported by data and feedback obtained by designers from 
various data sources. There was a total of five design issues with the unit (Krajcik et al., 2008): 
1. Rationale and alignment of learning performance task. The learning goals were 
not properly aligned with the culminating performance task. This made it difficult 
for students to acquire the knowledge needed to complete the culminating 
performance task.  
2. Need to unpack the inquiry standards. Teachers and students showed difficulty 
understanding and responding to various aspects of the curriculum materials 
created for the unit. 
3. Need for alignment of science ideas across multiple contexts. Students were not 
able to apply science understandings across multiple contexts. Therefore, they 







4. Students’ overgeneralizations of concepts from exemplars. Students struggled to 
understand several concepts in a deep manner. These misunderstandings were 
evident after students completed the unit.  
5. Iterative alignment of assessments with learning goals. Assessments were not 
aligned properly with learning objectives. 
These five design issues not only show the complexity involved in creating project-based science 
curricula but point to the value in using a learning-goals-driven approach to identify design 
issues and revise curricula. While the specifics are unclear in how the designers were able to use 
the feedback they received to revise the Stuff unit, they did report a greater alignment between 
learning goals, tasks, and assessments in its second iteration, which resulted in larger overall 
learning gains for students (Krajcik et al., 2008). 
Reconceptualizing Project-Based Science Pedagogy 
As established in this chapter, there is resounding evidence that project-based science can 
be an effective approach to teaching science. The problem-solving nature of the framework 
coupled with its theoretical underpinnings of active learning (Djulia et al., 2011; Grabinger & 
Dunlap, 1995; Michael, 2006), constructionism and constructivism (Grant, 2002; Gülbahar & 
Tinmaz, 2006; Krajcik et al., 1994; O’Loughlin, 1992; Rivet & Krajcik, 2004), sociocultural 
theory (Lemke, 2001; O’Loughlin, 1992), and situated cognition (Blumenfeld et al., 1997; 
Breslyn & McGinnis, 2012; Brown et al., 1989) aligns it with current science education reform 
efforts (Kahle et al., 2000; Krajcik et al., 2006, 2008; Reiser et al., 2001; Rivet & Krajcik, 2004; 
Schneider et al., 2005; Trumbull et al., 2006). However, the diversity of project-based learning 
features coupled with the lack of a universally accepted model and theory has resulted in a 







this ambiguity makes it difficult for educators to understand what the features of project-based 
science are and, more importantly, how to design and enact project-based science activities 
(Kanter & Konstantopoulos, 2010; Schneider et al., 2005). This creates tension when designing 
learning materials intended to engage students in experiential learning while valuing science 
learning standards. According to Krajcik et al. (2008), the following are possible areas of 
tension: 
1. Content choices dictated by the problem context verses the standards. 
2. Depth of coverage of content in PBS and the need to address multiple standards 
from a full year’s curriculum. 
3. Trying to meet standards within the contextualized nature of project-based 
pedagogy. 
Even though project-based science allows for the reconceptualization of achievement in 
the science classroom, it is difficult to teach (Kanter & Konstantopoulos, 2010; Marx et al., 
2004; Schneider et al., 2005). Teachers have to make the science content needed to complete the 
learning tasks clear for students; they have to be able to examine student work and identify the 
ways in which students are either understanding the content or developing misconceptions; and 
depending on where students are, they have to be able to use the project-based curriculum 
activities to help students develop more scientific understandings of science concepts and/or 
correct any misconceptions students may have (Darling-Hammond & Bransford, 2007; Kanter & 
Konstantopoulos, 2010) 
 Research done on project-based science shows positive teaching and learning outcomes 
(Brown et al., 1989; Carey et al., 1989; Edelson et al., 1999; Kanter & Konstantopoulos, 2010; 







2007; Novak & Krajcik, 2005; Panasan & Nuangchalerm, 2010; Rivet & Krajcik, 2004; 
Schneider et al., 2005; Schwartz et al., 2004). However, as listed above, there are challenges that 
need to be addressed to make it more accessible. In the following section, I will identify the 
aspects of the current project-based framework that work, and several areas where improvement 
is needed. These differences can be seen outlined in Table 2.1. 
Table 2.1 
 
Aspects of Project-Based Science That Work and Areas for Improvement 
Aspects that work Areas of improvement 
● Built upon authentic learning activities that 
promote motivation and student interest 
(Gijbels et al., 2005; Kanter & 
Konstantopoulos, 2010; Prince & Felder, 
2006; Tal et al., 2006). 
● Encompasses real-world phenomena and 
is culturally relevant (Blumenfeld et al., 
2006; Edelson et al., 1999; Linn et al., 
2004; Reiser et al., 2011; Rivet & Krajcik, 
2004). 
● Could involve students asking and refining 
questions, debating ideas, making 
predictions, designing plans and/or 
experiments, collecting and analyzing 
data, drawing conclusions, communicating 
their ideas and findings to others, asking 
new questions, and creating artifacts 
(Krajcik et al., 2008; Linn et al., 2004; 
Marx et al., 1994; Marx et al., 1997; 
McNeill et al., 2006; Perkins, 1993; Reiser 
et al., 2011; Rivet & Krajcik, 2004; 
Sandoval & Reiser, 2004). 
● Has the ability to guide students to 
become experts in a field of study (Gijbels 
et al., 2005; Krajcik et al., 2008; McNeill 
& Krajcik, 2007; Reiser et al., 2001). 
● Lack of a universally accepted model and 
theory of project-based learning (McNeill 
& Krajcik, 2007; Thomas, 2000). 
● Very little research done on project-based 
science and assessment (Gülbahar & 
Tinmaz, 2006; Hargreaves, 1997; Keppell 
& Carless, 2006; Lenz et al., 2015; 
Penuel & Means, 2000; Trauth-Nare & 
Buck, 2011; Van den Bergh et al., 2006). 
● Very little research done that examines 
the effects of project-based science on 
student achievement, motivation, and 
attitude when gender is an independent 
variable (Kang et al., 2019; Lederman, 
1992; Lyon & Jafri, 2010; Patrick et al., 
2009; Young et al., 2019). 
● Very little research done on the use of 
project-based science to develop 
understandings of the nature of science 
and science epistemology (Lederman, 
2007; Lederman & Lederman, 2004; 
Trumbull et al., 2006). 
● Very little research done on the use of 
project-based pedagogy in urban high 
school settings and what it means for 








Table 2.1 (Continued) 
● Fosters the development of problem-
solving skills through the acquisition and 
application of knowledge (De Graaff & 
Kolmos, 2003; Gijbels et al., 2005; 
Jiménez-Aleixandre, 2007; Prince & 
Felder, 2006; Savin-Baden, 2000). 
● Has both project and inquiry-based 
components that leverage the strengths of 
urban students from diverse backgrounds 
who are underrepresented in the field of 
science and has the potential to provide 
urban students access to the types of 
science activities that can lead to changes 
in attitude, motivation, and overall interest 
in science (Hill et al., 2010; Kanter & 
Konstantopoulos, 2010; Tal et al., 2006). 
2003; Tal et al., 2006; Tobin, 2001; 
Tobin et al., 2001). 
• Very little targeted professional 
development support for educators that is 
focused on developing the knowledge, 
beliefs, and practices needed to help 
students construct new knowledge, 
develop expertise, and build higher order 
thinking skills (Abd-El-Khalick & 
Lederman, 2000; Kanter & 
Konstantopoulos, 2010; Krajcik et al., 
1994; Ladewski et al., 1994; Lederman, 
2007; Lederman & Lederman, 2004; Tal 
et al., 2006; Trumbull et al., 2006). 
 
Aspects That Work 
All of the aspects about project-based science that work can be found outlined earlier in 
this chapter. Project-based science meets local, state, and national science education reform goals 
aimed at making learning science more meaningful and authentic (Edelson et al., 1999; Kanter & 
Konstantopoulos, 2010; Krajcik & Blumenfeld, 2006; Krajcik et al., 2008; McComas & Wang, 
1998; McNeill & Krajcik, 2007; National Research Council, 2012; Novak & Krajcik, 2005; 
Panasan & Nuangchalerm, 2010; Rivet & Krajcik, 2004; Schneider et al., 2005; Schwartz et al., 
2004; Tal et al., 2006). It allows for the rigorous treatment of science learning goals and the use 
of innovative pedagogy that is more focused on “learning science by doing science” (Krajcik et 
al., 2008). Many project-based science activities are built upon authentic learning tasks that 
promote motivation and student interest (Gijbels et al., 2005; Kanter & Konstantopoulos, 2010; 
Prince & Felder, 2006; Tal et al., 2006). In these classrooms, science educators design activities 







and/or experiments, collect and analyze data, draw conclusions, communicate their ideas and 
findings to others, ask new questions, and create artifacts (Krajcik et al., 2008;  Linn et al., 2004; 
Marx et al., 1994; Marx et al., 1997; McNeill et al., 2006; Perkins, 1993; Reiser et al., 2011; 
Rivet & Krajcik, 2004; Sandoval & Reiser, 2004). These activities encompass real-world 
phenomena, are culturally relevant (Blumenfeld et al., 2006; Edelson et al., 1999; Linn et al., 
2004; Reiser et al., 2011; Rivet & Krajcik, 2004), and foster the development of problem-solving 
skills through the acquisition and application of knowledge (De Graaff & Kolmos, 2003; Gijbels 
et al., 2005; Jiménez-Aleixandre, 2007; Prince & Felder, 2006; Savin-Baden, 2000) while also 
having the ability to guide students to become experts in a field of study (Gijbels et al., 2005; 
Krajcik et al., 2008; McNeill & Krajcik, 2007; Reiser et al., 2001). 
Project-based science also works against the cross-cultural barriers put up by traditional 
science classrooms, where the primary type of instruction utilizes rote memorization of static 
facts and theories and fails to address the needs of students who belong to diverse backgrounds 
(Barton & Upadhyay, 2010; Kanter & Konstantopoulos, 2010). As outlined earlier in this 
chapter, urban schools in this country continue to face a variety of systemic challenges that often 
inhibit their ability to adequately prepare students of color for participation in a democratic 
society. Instead, they end up fostering a sense of alienation in both teachers and students (Barton, 
2000; Basu & Barton, 2007; Fusco, 2001; Krajcik & Blumenfeld, 2006; Tal et al., 2006; 
Upadhyay, 2006). Even though students of color have valuable real-life experiences, formed 
ideas about natural phenomena, and developed cognitive structures upon which to build new 
scientific understandings, urban teachers continue to resort to the use of a “pedagogy of poverty” 
in which whole-class instructional techniques are used that are not representative of students’ 







Haberman, 2010; Tal et al., 2006). However, project-based science has both project and inquiry-
based components that leverage the strengths of urban students from diverse backgrounds who 
are underrepresented in the field of science and has the potential to provide urban students access 
to the types of science activities that can lead to changes in attitude, motivation, and overall 
interest in science (Hill et al., 2010; Kahle et al., 2000; Kanter & Konstantopoulos, 2010; Tal et 
al., 2006). 
Areas of Improvement 
There are several areas that can be improved in the conceptualization and implementation 
of the project-based learning paradigm in science contexts. Since there is not a universally 
accepted model and theory of project-based learning, educators enact it differently across various 
learning environments (De Graaff & Kolmos, 2003; McNeill & Krajcik, 2007; Thomas, 2000). 
As identified earlier in this chapter, some approach project-based learning from a perspective 
that is based on the level of student autonomy, while others approach it from a perspective that is 
based on learning objectives (De Graaff & Kolmos, 2003; Savin-Baden, 2000). These different 
interpretations contribute to the difficulty and tension mentioned in the introduction to this 
section (Krajcik et al., 2008). As it relates to project-based science, more research is needed in 
the areas of assessment (Gülbahar & Tinmaz, 2006; Hargreaves, 1997; Keppell & Carless, 2006; 
Lenz et al., 2015; Penuel & Means, 2000; Trauth-Nare & Buck, 2011; Van den Bergh et al., 
2006), uses in urban high school settings (Fishman et al., 2003; Tal et al., 2006; Tobin, 2001; 
Tobin et al., 2001), gender differences (Kang et al., 2019; Lederman, 1992; Lyon & Jafri, 2010; 
Patrick et al., 2009; Young et al., 2019), role in developing understandings of the nature of 
science and science epistemology (Lederman, 2007; Lederman & Lederman, 2004; Trumbull et 







2000; Kanter & Konstantopoulos, 2010; Krajcik et al., 1994; Ladewski et al., 1994; Lederman, 
2007; Lederman & Lederman, 2004; Tal et al., 2006; Trumbull et al., 2006). The insight gained 
from research done in these areas could not only make project-based science more accessible to 
both students and teachers but redefine what science education can look like in an ever-changing 
and evolving society (Blumenfeld et al., 2006; De Graaff & Kolmos, 2003; Edelson et al., 1999; 
Gijbels et al., 2005; Hill et al., 2010; Jiménez-Aleixandre, 2007; Kanter & Konstantopoulos, 
2010; Krajcik et al., 2008;  Linn et al., 2004; Marx et al., 1994; Marx et al., 1997; McNeill & 
Krajcik, 2007; McNeill et al., 2006; Perkins, 1993; Prince & Felder, 2006; Reiser et al., 2001; 
Reiser et al., 2011; Rivet & Krajcik, 2004; Sandoval & Reiser, 2004; Savin-Baden, 2000; Tal et 
al., 2006). 
Project-Based Science and Assessment 
Project-based educators struggle to create assessments that support the student-centered, 
constructivist-based hands-on activities that students engage with in project-based science 
learning environments (Van den Bergh et al., 2006). The complexity that exists in designing 
these materials, coupled with the lack of training and support for teachers, has disparaged the use 
of project-based science as an instructional method (Efstratia, 2014). In many project-based 
science settings, educators struggle with creating learning materials that possess the features of a 
well-designed project-based curriculum. When you add the idea that student learning should be 
inextricably linked to assessment (Hargreaves, 1997), educators feel even more discouraged to 
use it. Creating evaluations that are aligned to the learning goals of the curriculum, while 
honoring the nature of active and self-regulated learning, is difficult (English & Kitsantas, 2013). 
However, educators and researchers have assessed students using a wide variety of assessment 







standardized tests; self-assessments based on personal learning goal; peer assessments with 
either instruments designed by a third party or by students themselves; reflective journals; and 
formative performance-based assessments in which students use prior knowledge, recent 
learning, and relevant skills to solve novel problems (Frank & Barzilai, 2004; Gülbahar & 
Tinmaz, 2006; Penuel & Means, 2000; Van den Bergh et al., 2006). While there are some who 
suggest that more traditional standardized tests should not be used to measure mastery in project- 
based learning environments (Frank & Barzilai, 2004; Keppell & Carless, 2006; Krajcik et al., 
1994; Van den Bergh et al., 2006), there are several studies that show students making 
significant gains on standardized science examinations after participation in project-based 
science activities (Geier et al., 2008; Krajcik & Starr, 2001; Marx et al., 2004; Rivet & Krajcik, 
2004; Schneider et al., 2002). More research needs to be done on project-based science and 
assessment (Gülbahar & Tinmaz, 2006; Hargreaves, 1997; Keppell & Carless, 2006; Lenz et al., 
2015; Penuel & Means, 2000; Trauth-Nare & Buck, 2011; Van den Bergh et al., 2006).  
Project-Based Science in Urban and Multicultural Education 
Teaching and learning science are difficult in any setting. However, the challenges seen 
in poor urban school settings are worse and seem to be deeply rooted in “an ongoing struggle for 
class, racial, and gender equity” (Barton, 2001). As outlined in Chapter I of this dissertation, 
significant science achievement gaps are present early in the educational experiences of students 
of color and seem to persist throughout elementary, middle, and high school (Emdin, 2011; 
Jackson & Ash, 2012; Ladson-Billings, 2006; Viadero & Johnston, 2000). Poor urban children 
score disproportionately lower on standardized examinations than do their more affluent 
counterparts (Barton, 2001). The reason why these gaps exist is poorly understood because of 







across grade levels (Atwater, 1996; Morgan et al., 2016). “Despite such high levels of urban 
poverty in the United States, we have barely begun to understand the science education 
experiences of poor urban children” (Barton, 2001, p. 904). 
Even though more than 60 years of school reform have passed since the civil rights 
movement, inequalities can still be seen in the academic achievement, resources, schooling 
practices, and culture of schooling children of color (Barton, 2001; Fuller et al., 2019; 
Hanselman & Fiel, 2017; Rosiek, 2019). In urban schools, low-quality science teaching, coupled 
with the nation’s increased emphasis on accountability, has inspired urban science 
transformation efforts aimed at reshaping science education to reflect the cultural composition of 
learners and provide equitable opportunities for all students to learn quality science (Atwater, 
1996). As a result, teaching strategies have emerged that move away from the “pedagogy of 
poverty” and embrace more constructivist teaching methods that allow students to learn science 
as active constructors, so students participate in and take ownership of their learning (Kahle et 
al., 2000; Kanter & Konstantopoulos, 2010).  
Not all students learn in the same ways, and not all students will be interested or 
disinterested in the same things for the same reasons. As teachers, if we can connect to all 
that students are inside and outside science, include students in the creation of the 
environment for learning science, and connect science to broader social objectives, then 
students might also learn that they are learners and users and makers of science and 
science like practices (Fusco, 2001, p. 874-875). 
As argued in this paper, project-based science is uniquely equipped to create learning 
environments that can positively impact attitude, academic achievement, and overall interest in 







of science (Atwater, 1996; Fishman et al., 2003; Fusco, 2001; Kahle et al., 2000; Kanter & 
Konstantopoulos, 2010; Tal et al., 2006; Tobin, 2001; Tobin et al., 2001). However, more 
research is needed that investigates its use in urban learning environments. While it is understood 
that constructivist approaches to teaching and learning are more aligned to the nature and 
practice of science, they can sometimes ignore the sociopolitical factors that have created science 
learning environments that many students of color choose to opt out of (Fusco, 2001). 
Project-Based Science and Girls of Color. Females represent over 50% of the 
population in the United States and earn more than 50% of all undergraduate and master’s 
degrees (U.S. Census Bureau, 2020; Warner & Corley, 2014). However, significant differences 
exist in the interest and participation of males and females in the field of science (Charleston et 
al., 2014; Jones et al., 2002). According to the U.S. Department of Education (2019), in 2015-
2016 females obtained a significantly lower percentage of STEM bachelor’s degrees than males 
(36% vs. 64%). This stark difference can be seen across all racial/ethnic groups. 
“Underrepresentation of women and people from nondominant communities in science, 
technology, engineering, and math (STEM) persists and is especially pronounced among women 
from Black and Latina backgrounds” (Kang et al., 2019, p. 419). Careers in STEM are 
predominantly occupied by White men. Approximately 75% of the professional STEM field is 
represented by White men, with only 10% of the field represented by women of color (Young et 
al., 2019). Diversifying the field is a feasible solution; however, building and maintaining 
interest within marginalized communities remains a challenge. Systemic and systematic barriers 
exist that have inhibited pathways of success in STEM for women and people of color. These 







equitable opportunities for all students to learn science (Kang et al., 2019; Ladson-Billings, 
2006; Young et al., 2019).  
Some researchers suggest that girls and women of color do not feel welcome for who 
they are and what they bring to science, even if they have high grades and test scores (Archer et 
al., 2020; Kang et al., 2019; Osborne et al., 2003). Moreover, when girls and women of color do 
not identify with science, their engagement with the subject matter and overall academic 
achievement is affected (Kang et al., 2019; Lyon & Jafri, 2010; Osborne et al., 2003; Young et 
al., 2019). Several proposed solutions have appeared in research over the past thirty plus years 
aimed at addressing these issues (Basu & Barton, 2007; Lyon & Jafri, 2010; National Research 
Council, 2012; Young et al., 2019). In the late 1990s and the 2000s mentorship and aspiration 
building programs emerged to introduce more female role models who worked in the field of 
science to students (Basu & Barton, 2007; Lyon & Jafri, 2010). Later, other programs emerged 
aimed at building girls’ sense of self-efficacy, disposition, and confidence in science (Lyon & 
Jafri, 2010; Young et al., 2019). Although these programs were and are well-intended, many 
have had limited success. This is in part because researchers do not agree on how to best address 
the issue. Below you will find several examples of different theories that can be found in the 
literature. 
The work of Kang et al. (2019) suggests that the continuing underrepresentation of girls 
and women of color in STEM can be understood through the lens of STEM identity formation. 
They argue that the STEM identities girls develop in middle school can significantly influence 
their interest in science and desire to work in science related fields. They also contend that the 
development of a STEM identity is strongly associated with high-quality science related 







work does not provide insight into what these science experiences look like, it does point to the 
importance of early exposure to science across multiple settings. The work of Young et al. 
(2019) suggests that energy might be best spent on academically gifted middle school girls of 
color and the experiences they have with science outside of school. They argue for the use of 
culturally responsive STEM-based afterschool and summer programs to reduce achievement 
gaps between gifted girls of color and their peers. They suggest that these programs would best 
support gifted girls of color and their ability to matriculate through the STEM pipeline by 
providing them with mentorship opportunities and exposure to math and science content before 
it’s formally presented to them in school (Young et al., 2019). Both theories focus on students 
during their middle school years.  
There are some who argue that the underrepresentation of women of color in STEM 
fields is far too complex to just focus on one area of development (Campbell et al., 2004; Jolly et 
al., 2004). The work of Campbell et al. (2004) and Jolly et al. (2004) suggests that most reform 
efforts fail to promote long lasting change on the systemic level because they don’t develop 
students’ self-efficacy, interest, and motivation; provide access to tools, resources, and high- 
quality and rigorous STEM instructional materials; or provide extend long-term mentorship, 
advising, and/or programming aimed at the type of support that students can’t receive from home 
or school. These researchers argue that recruitment and retention efforts require attention to three 
interrelated factors: engagement, capacity, and continuity (Campbell et al., 2004; Jolly et al., 
2004). They refer to this paradigm as the trilogy for success theory. The following examples 
from Campbell et al. (2004) demonstrate the use of this theory in practice, both at the school 







● School Level-A New York City public high school builds female students’ 
capacity by requiring them to take a double period of math and science classes 
and offering after-school tutoring and summer programs. They address continuity 
by providing students access to advanced and college-level courses and creating 
experiences for them to see what life would be like as a college student. To 
promote interest and engagement, they take students on field trips and provide 
internship opportunities to work with scientists in the field.  
● Community Level-In North Carolina, a science, mathematics, and technology 
program exists that promotes the trilogy by providing students with capacity 
building engagement with hands-on learning materials, field trips, and a STEM 
summer camp; providing teachers and staff members with continuity through 
professional development centered on equitable pedagogical practices; and 
fostering engagement by including parents in activities and discussions focused 
on gender equity issues.  
These two examples point to the diversity that exists in the interpretation and implementation of 
the Trilogy for Success theory. Across the nation, there have been positive outcomes from its use 
as an organizational framework for children of all ages and sexes. However, more research is 
needed that examines its use in practice. More specifically, research needs to be done that 
extends the ideas of using the theory at the school and community levels and pushes for its use at 
the classroom level.  
At the classroom level, a reconceptualized theory of and approach to project-based 
science could provide girls and women of color with the capacity building, engagement, and 







and foster overall interest in the field. It could build students’ capacity through the rigorous 
treatment of science learning goals, science content, and authentic scientific practices and after- 
school tutoring sessions (Emdin, 2011; Krajcik et al., 2008; Linn et al., 2004; Marx et al., 1994; 
Marx et al., 1997; McNeill et al., 2006; Perkins, 1993; Reiser et al., 2011; Rivet & Krajcik, 2004; 
Sandoval & Reiser, 2004). It could foster engagement in STEM through the use of strategies 
grounded in Black feminist thought and reality pedagogy; along with problem-based learning 
materials that are grounded in real-world, culturally relevant phenomena (Blumenfeld et al., 
2006; Edelson et al., 1999; Emdin, 2011; Gijbels et al., 2005; Hill et al., 2010; Kanter & 
Konstantopoulos, 2010; Linn et al., 2004; Prince & Felder, 2006; Reiser et al., 2011; Rivet & 
Krajcik, 2004; Tal et al., 2006). It could provide continuity for students through frequent 
cogenerative dialogues/mentorship sessions, exposure to advanced and college-level content, and 
programming aimed at guiding students to become experts in a STEM field of study (Emdin, 
2011; Gijbels et al., 2005; Krajcik et al., 2008; McNeill & Krajcik, 2007; Reiser et al., 2001). A 
reconceptualized approach to project-based science could help students develop strong STEM 
identities and affect long-term change in the diversity of the field. However more research needs 
to be done that looks at project-based science and gender (Kang et al., 2019; Lederman, 1992; 
Lyon & Jafri, 2010; Patrick et al., 2009; Young et al., 2019).  
Project-Based Science, the Nature of Science, and Science Epistemology 
Earlier in this dissertation, I defined both science epistemology and the nature of science 
and made the argument that they should both be considered when designing science learning 
environments and in determining the best pedagogical strategies to use in the science classroom. 
Even though philosophers, historians, scientists, and science educators are still trying to agree on 







relevant to K-12 students (Lederman, 2007; Lederman & Lederman, 2004). Science 
epistemology refers to the logical and philosophical foundations on which scientific claims are 
constructed and justified (Kelly et al., 1993; Sandoval & Millwood, 2007). The nature of science 
also refers to the logical and philosophical foundations of scientific knowledge but extends the 
definition to include how scientists act, how they engage within social communities of 
practitioners, and how society directs and reacts to scientific endeavors (McComas & Wang, 
1998). If science educators want to prepare students to (a) understand the science and 
technological objects and processes in everyday life, (b) make informed decisions about 
sociopolitical and socio-scientific issues, and (c) appreciate science as an enterprise and the role 
that it plays in the advancement of society, they should consider the ways in which the nature of 
science and science epistemology show up directly and indirectly in their practice (Driver et al., 
1996; Lederman, 2007). This conversation is not new. For more than a hundred years, the nature 
of science has been an important goal for science educators, and it continues to be a goal of 
current reform efforts (Lederman, 2007; Trumbull et al., 2006). Countries around the world have 
stressed the importance of students understanding what science is; how knowledge claims are 
made and justified; the difference between observations and inferences; the functions of and 
between scientific laws and theories; and how scientific knowledge is tentative, empirically 
based, subjective, involves human inference, imagination and creativity, and is socially and 
culturally embedded (Lederman, 2007; Lederman & Lederman, 2004; Trumbull et al., 2006). 
Unfortunately, these things are not easy to teach. Research done on developing students’ 
understandings of science epistemology and the nature of science show mixed results. Some 
studies show positive gains when curricula materials are specifically designed to (a) develop 







the use of inquiry skills; (c) foster a sense of personal competence in the areas of interpreting, 
responding to, and evaluating the science and technology used in society; and (d) develop 
understandings of the social and political interaction that exists between science, technology, and 
society (Aikenhead, 1979; Driver et al., 1996; Lederman, 2007; Ramsey & Howe, 1969). In one 
study, 30 students (17 female, 13 male, 12 White, 9 East Indian, and 9 Asian) from 15 New 
Jersey high schools participated in a summer science institute at Rutgers University. This 4-week 
program, the Waksman Student Scholars Programme, engaged students in research projects by 
having them collaborate with expert scientists to find answers to the scientists’ real research 
questions. Educational researchers were interested in seeing whether the program improved 
students’ understanding of the nature of science and specific science content. Pre and post nature 
of science surveys and content tests were used to assess student learning as well as daily journals 
the participants kept throughout the study. The results showed that all students, devoid of gender, 
socioeconomic status, or race, developed both conceptual understanding and more advanced 
understanding of the nature of science (Charney et al., 2007). This suggests that authentic 
science settings provide opportunities for students that more traditional settings cannot.   
Other studies show that there are variables beyond the development of curricula and 
instructional materials that must be considered, such as teachers’ interpretation of learning 
materials, pedagogical approach, rapport, and personality as well as curriculum constraints, 
administrative policies, and teachers’ own understandings of the nature of science and science 
epistemology (Driver et al., 1996; Lederman, 2007; Trent, 1965). These factors illuminate the 
difficulty that exists in teaching students science. They also point to the need for more research 







more manageable and on ways in which institutions can better prepare and support teachers to do 
this work.  
Both the nature of science and science epistemology are grounded in the use of 
argumentation (Duschl et al., 2007; Ford, 2008; Sandoval & Millwood, 2007). Scientists use 
argumentation, both in reasoning and in practice, to construct and critique knowledge claims 
(Ford, 2008). As mentioned earlier in this chapter, the best learning environments for students to 
engage in the discursive practices of scientists are the ones that provide students with 
opportunities to solve problems and construct their own understandings through participation in 
the inquiry process (Jiménez-Aleixandre, 2007). This is what makes project-based science the 
perfect vehicle for the development of these skills and understandings (Carey et al., 1989; Duschl 
et al., 2007; Schwartz et al., 2004). In project-based science learning environments, students 
engage in scientific inquiry activities that have been designed to emulate the work scientists do 
in the field (Carey et al., 1989; Schwartz et al., 2004). Students have opportunities to learn (a) 
science content, (b) the ways in which argumentation operates in the construction and use of 
scientific knowledge within the discipline and in everyday life, (c) the value of different types of 
scientific knowledge and how they are used in informed decision-making, and (d) the difference 
in various methods of investigating the natural word (Lederman & Lederman, 2004; McComas 
& Wang, 1998; National Research Council, 2012). However, more research is needed that 
investigates the use of project-based science to develop understandings of the nature of science 
and science epistemology (Lederman, 2007; Lederman & Lederman, 2004; McNeill et al., 2006; 









Project-Based Science, Teacher Preparation, and Professional Development 
 Conversations about the work required to prepare teachers for project-based science are 
few and far between. However, we know from the research that there are challenges with the 
interpretation and enactment of the pedagogical strategy that require attention (Blumenfeld et al., 
1991; Eisenhardt, 1989; Krajcik et al., 1994; Stake et al, 1978). Creating learning environments 
that are consistent with the previously mentioned ideas is difficult. In project-based science 
classrooms teachers simultaneously (a) create learning opportunities by providing access to 
information; (b) support students by modeling and scaffolding learning materials; (c) motivate 
and encourage students to use various learning and metacognitive processes; (d) support the 
development of 21st century skills; and (e) assess progress, identify misconceptions, provide 
feedback, and evaluate learning and skill development (Blumenfeld et al., 1991; Krajcik et al., 
1994). Couple this with the idea that project-based science learning environments should be 
gender and culturally responsive as well as intentional about the nature of science and science 
epistemology and you can imagine the difficulties that might arise. Research shows that when 
designing project-based science learning environments, educators not only struggle with 
contextual challenges, such as resources, technological and instructional support, school-wide 
scheduling and class composition issues, and national and local testing policies, but they also 
struggle with personal challenges, such as pedagogical content knowledge, beliefs, experience, 
efficacy, and racial and gender biases (Blumenfeld et al., 1991; Krajcik et al., 1994).  
The change from traditional science instruction to project-based science is complex and 
requires support (Grant, 2002; Schneider et al., 2005). “Like students, teachers need to feel 
competent and value what they are doing in order to be willing to engage in new forms of 







experienced an authentic project-based science learning experience, even though they may have 
been asked to complete projects at some point during their past educational careers (Strevy, 
2014). Studies show that teachers who lack preparation and support rely more on habitual 
repetition and rote memorization, are more autocratic in classroom management, are less skilled 
at implementing complex forms of teaching, and are less likely to try new ways of teaching 
(Darling-Hammond, 2006; Darling-Hammond & Bransford, 2007). Therefore, teacher education 
and professional development programs need to devote attention to preparing educators to handle 
the complexity described above. This requires that research be done that focuses on developing 
the knowledge, beliefs, and practices needed for teachers to help students construct new 
knowledge, develop expertise, and build higher order thinking skills (Abd-El-Khalick & 
Lederman, 2000; Kanter & Konstantopoulos, 2010; Krajcik et al., 1994; Ladewski et al., 1994; 
Lederman, 2007; Lederman & Lederman, 2004; Tal et al., 2006; Trumbull et al., 2006). Teacher 
content knowledge and pedagogical knowledge have both been found to be predictive of students 
learning science content in inquiry learning environments (Kanter & Konstantopoulos, 2010). In 
order to capitalize on the potential of project-based science instruction, more research is needed 
that investigates the type of support required to adequately prepare teachers to enact project-
based science instruction. 
Reconceptualizing the Framework  
In this chapter, I first summarized the research on aspects of project-based science that 
work. Next, I identified several areas where more work needs to be done in the field. Here, I 
made the argument that a reconceptualized theory of, and approach to, project-based science 
could have limitless potential to transform science classrooms around the world. Project-based 







science. Even when teachers believe they are teaching in authentic and context dependent ways, 
students often report that science has no connection to their interest or experiences (Barton, 
2000; Basu & Barton, 2007; Fusco, 2001; Upadhyay, 2006). This is particularly the case with 
low-income students of color in urban areas (Barton, 2000; Basu & Barton, 2007; Emdin, 2011; 
Jackson & Ash, 2012; Ladson-Billings, 2006; Viadero & Johnston, 2000). Many urban students 
describe science as “a discipline that generates sentiments such as boredom, anxiety, confusion, 
and frustration” (Basu & Barton, 2007, p. 466). This may explain one reason why many students 
of color choose to not pursue careers in science related fields.  
Project-based science addresses these issues by challenging Western boundaries around 
what constitutes science content, process, rules for participation, and discursive practices of 
science (Barton, 2000; Harding, 1998). 
There is a richness to a good project that can be exploited by teachers and students. 
Projects can increase student interest because they involve students in solving authentic 
problems, in working with others, and in building real solutions (artifacts). Projects have 
the potential to enhance deep concepts, and principles, and they have the potential to 
improve competence in thinking (learning and metacognition) because students need to 
formulate plans, track progress, and evaluate solutions (Blumenfeld et al., 1991, p. 373). 
We live in a world where socioeconomic status, gender, ethnicity, and other factors impact the 
way scientific knowledge is produced, used, and understood (Barton, 2000; Harding, 1998). 
Therefore, we should approach science education in a way that reflects this reality. If students 
are to be the future producers of and participants in science, they should not only understand 







are valuable and useful in shaping the science of tomorrow (Barton, 2000; Basu & Barton, 2007; 
Upadhyay, 2006).  
As mentioned, several times in this paper, there is no uniform theory or approach to 
project-based science. The diversity that exists in the interpretation and implementation of the 
overarching project-based learning model and theory has resulted in a variety of research and 
developmental issues across disciplines (McNeill & Krajcik, 2007). Although similar in some 
respects, features in project-based science look different from features in project-based math, 
social studies, and English language arts (Chiang & Lee, 2016; Duke et al., 2016; Foulger & 
Jiménez-Silva, 2007; Gültekin, 2005; Grant, 2011; Halvorsen et al., 2012; Krajcik et al., 1994; 
Krajcik et al., 2008; Krajcik & Starr, 2001; Marx et al., 1994; Meyer et al., 1997). As it relates to 
project-based science, researchers report using different theoretical underpinnings to inform the 
instructional practices found in different spaces. In most project-based science classrooms, 
teachers and researchers view teaching and learning through one or more of the following 
theories: active learning, situated cognition, constructivism, and social-constructivism (Grant, 
2011; Kanter et al., 2001; Krajcik et al., 1994; Krajcik et al., 2007; Marx et al., 1994; Schneider 
et al., 2002; Shwartz et al., 2008). Although project-based science has been used with urban and 
multicultural students, there has been no research done that investigates redefining the 
framework to be more inclusive of these students’ identities and lived experiences and to honor 
the cultural contributions that have been made to the field of science. This would require 
reconceptualizing project-based science to include both implicit and explicit design features of 
the nature of science and science epistemology in cohort with pedagogical practices that are 
aligned with the active learning, sociocultural, constructionist and constructivist, situated 







create a learning environment where all students feel intelligent, accepted, valued, interested, 
motivated, inspired, supported, empowered, and creative (see Figure 2.1).  
Figure 2.1. 
 
Reconceptualized Theory of and Approach to Project-Based Science 
  
Note. Theoretical and Conceptual Framework adapted from Lorin Mayo, 2013. 
Theoretical Frameworks 
 To truly understand what science is, how it operates, the role that scientists play as a 
social group, and the role that society plays in directing and responding to scientific endeavors, 
one must know the ways in which different disciplines contribute to and shape the character of 
science. In nature, science is interdisciplinary. The scientific community consists of individuals 
who use tools and knowledge from varied disciplines to better understand the world. This may 
involve the use of both social and cognitive sciences, not limited to philosophy, history, 







to examine the development of conceptions of the nature of science and science epistemology. 
Since science is interdisciplinary, the use of a multi theoretical, multi perspectival, and multi-
methodological approach is needed to conceptualize meaning (Rogers, 2012). This critical 
approach (described as a bricolage) to research allows the researcher to examine phenomena 
from multiple theoretical and methodological perspectives (Kincheloe, 2012). In this section of 
Chapter I, I define the different theoretical frameworks I used to achieve the following: 
1. describe the ways in which the researcher viewed teaching and learning in science, 
2. provide insight into the methods used to conduct research, and 
3. understand the interaction between various elements encountered while conducting 
research and making meaning of results.  
Some of the theoretical perspectives outlined in this section overlap in role and function. 
However, for the purposes of clarity, I will define each separately.  
Active Learning 
 The idea that students learn best when engaged in their own learning dates to the 1900s. 
Since then, active learning has become an international focus as researchers and educators have 
seen the benefits associated with student interaction and engagement in meaningful learning 
activities. Conceptually, active learning is an umbrella term that refers to several theoretical 
models of instruction; each that guides research on the responsibility learners have for their own 
learning (Djulia et al., 2011). Many of these theoretical models of instruction are constructivist in 
nature and involve the use of collaboration, personal autonomy, reflectivity, cultural and 
personal relevance, and active engagement in the reshaping of understandings developed through 
authentic interactions with the world (Grabinger & Dunlap, 1995). There are several studies that 







activities do not foster the same achievement and enjoyment in the science classroom as do more 
student-centered pedagogical methods (Djulia et al., 2011; Michael, 2006). Below, you will find 
several theoretical frameworks that each contribute to the development of a rich project-based 
learning environment and incorporate the aforementioned attributes to foster active learning in 
the science classroom (Grabinger & Dunlap, 1995). 
Constructionism and Constructivism Frameworks 
 As described earlier in this chapter, constructionism and constructivism are two 
theoretical terms that have varying definitions in the literature. Generally, constructivism 
describes learning as a process in which individuals create knowledge through interactions with 
their environment. This understanding views learning as an individualized process in which 
students build new knowledge through investigative activities and reflection (Grant, 2002). In 
some cases, this involves conversations with peers and community members; in others, it doesn’t 
(O’Loughlin, 1992). The constructionism framework extends the notion that learners construct 
knowledge through exploration and adds the idea that learners learn best when they create 
personally meaningful artifacts (Grant, 2002). Some researchers argue against the use of the term 
constructivism or constructionism because they do not account for the economic, cultural, 
historical, and social processes that are involved in the construction of knowledge. I, however, 
use a critical Bricolage approach to research, which allows me to examine phenomena from 
multiple theoretical and methodological perspectives. As such, I believe that both the 
constructivism and constructionism frameworks can be used; and when paired with other 









Sociocultural Theoretical Framework 
 The sociocultural theoretical framework acknowledges the role that both small and large-
scale social organizations and institutions have played in the evolution of modern society. These 
include schools; communities; churches; colleges; and even city, state, and global economies. 
Within these socialized collaborative spaces, people use tools to make sense of the surrounding 
world, which gives rise to languages, belief systems, value systems, and specialized discourses 
and practices. Therefore, the ways in which we communicate; the things that we believe in; and 
the way we walk, talk, and write are all the products of our participation in social activities. 
Every community is heterogeneous in certain ways and composed of diverse community 
members who learn and enact different roles. These people communicate across a variety of 
subcommunities that are never uniform or universal but collectively make an organization of 
heterogeneity. Our individualized ways of living and making meaning are different and based on 
which communities we’ve lived in and the roles that we played in those communities. Therefore, 
everyone possesses a unique view of the world because our views are tethered to our 
experiences, and everyone's experiences are different (Lemke, 2001).  
This understanding, of the roles that socialization and culture play in society, took a 
considerable amount of time to develop in relation to science and science education. It wasn’t 
until the late 1980s and 1990s, when the work of historians, sociologists, cultural 
anthropologists, and other social scientists of the time began to examine how people learned to 
talk and write “scientifically” and engage in specific science related cultural activities that 
included observation, experimentation, publishing, analyzing data, and so on. Today, the 
sociocultural perspective views science, science education, and research on science education as 







acknowledges the social nature of science as an enterprise and the role that socialization plays in 
practice. Whether it involves dialogue in the classroom or dialogue in a research laboratory, 
social discursive practices are responsible for the creation and validation of new knowledge 
claims in the scientific community (Lemke, 2001). 
Situated Cognition Framework 
Research done with practicing scientists has revealed that discipline-specific differences 
do exist (Breslyn & McGinnis, 2012). This, coupled with the varied contextual features that exist 
in different classroom environments, suggests that both context and culture should be examined 
when conducting research in educational settings (Brown et al., 1989). As a framework, this 
perspective contends that knowledge is socially negotiated, cannot be separated from the context 
in which it occurs, and takes place through enculturation into communities of practice (Breslyn 
& McGinnis, 2012). In use, situated learning experiences involve students learning about 
phenomena as they take part in various scientific activities, such as designing investigations, 
making explanations, modeling, and presenting their ideas to others (Blumenfeld et al., 1997). 
Since the participants in this study were asked to complete inquiry activities, both context and 
culture were important for the researcher to consider when examining the results of this study 
and determining the feasibility in replicating, adapting, and expanding the findings (Coburn, 
2003). This theoretical framework is very similar to the sociocultural theoretical framework; 
however, the sociocultural perspective describes how learning takes place as it relates to the 
ways in which we make sense of the world, whereas the situated cognition perspective 
specifically refers to how learning can be shaped by factors that contribute to what gets 







these various elements become critical to one’s understanding of the ways in which science 
curricula should be developed, implemented, and evaluated.  
Black Feminist Thought 
 Earlier in this chapter, I defined the Black feminist thought theoretical framework. It aims 
to use the collective knowledge, political and economic experiences, and interpretations of Black 
women to create and validate knowledge claims (Collins, 1989; Henry, 2005; Lindsay-Dennis, 
2010). In doing so, it exposes the relationship that exists between the structural, symbolic, and 
everyday aspects of domination as well as the individual and collective struggles that are 
experienced in various domains of social life (Alinia, 2015). In the classroom, the Black feminist 
thought framework creates opportunities for educators to ground their pedagogical strategies in 
the realities of their students of color and think about ways to increase motivation and interest in 
science, while empowering students to pursue science related careers in the future (Collins, 1989, 
1990; Patterson et al., 2016).  
Reality Pedagogy 
 Some researchers suggest that students must assume an identity that mirrors the identity 
of scientists in order to learn science the way scientists do in the field. This requires knowing 
what scientists do in practice, knowing that scientific knowledge is held accountable by nature, 
and knowing how to engage in argumentative discourse to construct and critique scientific 
knowledge claims (Ford, 2008). While I agree that assuming this identity could help facilitate 
understanding of informational content in a way that is more authentic to the way scientists learn, 
this is vastly problematic in urban settings. When urban students have been alienated from the 
culture of school by being perceived differently or other than the norm and have had limited 







struggle to assume an identity that is extremely different from their own (Emdin, 2010). This 
creates an uncomfortable space for students who must culturally assimilate to the culture of 
science and requires a set of skills that helps them navigate both identities (Vincent-Ruz & 
Schunn, 2018). This is difficult for most students. In many urban school settings, developing a 
new identity or navigating between two of them, creates a tension that can often get in the way of 
them learning science (Rosa & Mensah, 2016; Vincent-Ruz & Schunn, 2018). However, making 
science relevant to students’ lives can free them from the need to fake and/or assume another 
identity and create learning environments where their authentic selves and experiences are 
welcomed. For some educators this requires the use of equitable teaching strategies and tools that 
make culture and experience relevant to learning (Brown, 2017).  
Culturally relevant pedagogy is a teaching strategy that helps bridge the gap between 
students’ personal identity and the instructional content (Heil, 2020). It advocates for the use of 
students’ culture and past experiences in class activities to increase student ownership of their 
leaning and make learning more relevant to students’ lives. In the literature, this approach is 
sometimes used interchangeably with culturally responsive pedagogy. It usually involves the 
acknowledgement of the cultural differences that exist in the classroom between the teacher, the 
student, the curriculum, and the school and reconciles those differences to enhance student 
achievement (Emdin, 2011; Gay, 2002; Santamaria, 2009). While research studies point to 
positive outcomes when culturally relevant pedagogy is used in classrooms (e.g., Gay, 2002), 
others argue that the approach does not provide tools for teachers to use in practice (e.g., Emdin, 
2011). Reality pedagogy is a subsect approach to culturally relevant pedagogy that aims to 
provide teachers with specific tools they can use to understand the realities of their students and 







Reality Pedagogy has five suggested steps: cogenerative dialogues, co-teaching, 
cosmopolitanism, context, and content. Step 1 asks teachers to use cogenerative dialogues to 
create a space where students can have their voices heard. Here, students sit in a circle and have 
an opportunity to share their feelings about what’s working and not working about the class, the 
teacher, and/or anything else related to their learning experience. This tool allows teachers to 
make instructional modifications to better meet the needs of their students, as opposed to making 
assumptions about where students are academically, socially, and emotionally. Step 2 asks 
teachers to allow students to take an active role in the classroom as co-teachers. This not only 
transforms the authority in the classroom but makes students feel more involved in their learning 
community. It also develops leadership skills and provides an opportunity for teachers to 
understand where their students are and how to better support them. Step 3 is cosmopolitanism. 
This step gets students involved in the way the class operates by giving them specific roles. 
These roles are very important for the class to run smoothly. Without them, the class unit cannot 
function. These roles not only invest students in the learning community but foster the 
development of important science skills and create a supportive environment where students look 
after and embrace one another. Step 4 is context and involves creating a classroom space where 
artifacts are brought in to make the space look familiar and welcoming. Here, teachers have an 
opportunity to make their classrooms look like the communities from which their students come 
from. The last and final step is content. The term content refers to the academic work and 
curricula teachers are responsible for covering. With this step, teachers have an opportunity to 
make their classrooms a space in which learning happens for everyone. Here, the teacher is not 
considered the sole expert in the classroom, and they openly invite students to research 







 The frameworks defined in this chapter provide a conceptual understanding into the way 
project-based science was approached in this study. In the next chapter, you will see how they 
























Chapter 3: Methodology 
Research Design 
 
At its core, this investigation is a mixed methods instrumental case study. Case study 
research can be used to (a) describe interventions, (b) describe the real-world contexts in which 
interventions occur, (c) explain complex causal links that may exist in interventions, and (d) 
explore interventions that have no clear single set of outcomes (Eisenhardt, 1989; Yin, 2017). It 
can also be used to reveal the first-hand experiences of those who participate in said 
interventions (Tellis, 1997). In this investigation, the use of the case study methodology was 
appropriate because the goal of this research was to accomplish all four of the categories outlined 
above. While some argue against the use of this research strategy, it has proven to be effective in 
providing a more holistic understanding of phenomena as well as the context and processes 
involved in them (Meyer, 2001; Yazan, 2015; Zainal, 2007). Unlike other research 
methodologies, case study research allows for more autonomy in the design and implementation 
of research investigations (Meyer, 2001). This is both a strength and weakness. Even though case 
studies provide researchers with the freedom to be innovative in their approach to inquiry, the 
looseness in the design requirements can lead to the creation of poor research studies with 
limited application (Meyer, 2001; Yazan, 2015; Yin, 2017). To address this weakness, I describe 
in this chapter the methodological considerations and decisions I made in designing this study. 
Case studies have become useful in exploring new processes and behaviors that are not 
understood well (Meyer, 2001; Zainal, 2007). Through the use of mixed methods, case studies 
have the power to examine the how and why questions about a particular event (Meyer, 2001). 
Using both qualitative and quantitative data allows case studies to be multi perspectival in that 







interaction between them (Tellis, 1997). Theoretical and empirical literature suggests that mixed 
methods research should be used when trying to achieve greater validity through triangulation 
and a more complete and comprehensive understanding of a phenomenon (Doyle et al., 2009; 
Krauss, 2005; McEvoy & Richards, 2006). Mixed methods research has the ability to address 
both exploratory and confirmatory research questions at the same time and produce stronger 
inferences than a single method (Venkatesh et al., 2013). In this study, I chose to use a 
concurrent triangulation design to capture the complexity of using a critical Bricolage approach 
to research. Both quantitative and qualitative data were collected concurrently with equal weight 
being given to each method (Creswell & Creswell, 2017).   
 This mixed methods study was grounded in the critical realism paradigm in which the 
epistemological foundation accepts different types of objects of knowledge that have contrasting 
characteristics and meanings (Venkatesh et al., 2013) and warrants the use of multiple 
approaches or techniques that are determined by the nature of the research problems (McEvoy & 
Richards, 2006). Within this framework, mixed methods are revered as being appropriate and 
include case studies, unstructured or semi structured interviews, and varied statistical analyses 
(Krauss, 2005). In this investigation, I used the aforementioned methods to answer research 
questions aimed at developing deeper levels of explanation and understanding about the use of 
project-based science curricula in urban settings. In the following section, I explain the ways in 
which I designed this study and made meaning of its results.  
Setting and Participants 
The field setting for this study was a competency-based New York City urban public high 
school located in Queens, New York. According to a 2017-2018 school Demographic and 







school serviced a 60% Title I population; meaning that at least 60% of the student body qualified 
for free or reduced lunch. The racial/ethnic demographics of the students were 42% Hispanic or 
Latino, 21% Black, 20% Asian or Pacific Islander, 4% White, and 3% American Indian/Alaska 
Native. Unfortunately, the demographics provided by the Department of Education do not 
provide insight into how students considered themselves to be Caribbean/Caribbean American or 
multiracial. However, those delineations are made below.  
Sampling in both qualitative and quantitative research can often be difficult and 
confusing. The wide variety of sampling methods described in the literature, can make it difficult 
for researchers to choose the appropriate methods to use in the design of their studies and in the 
interpretation of their findings (Coyne, 1997; Draucker et al., 2007). In this study, theoretical 
sampling was used to purposefully choose cases that represented a range of variation in the 
phenomenon being studied (Coyne, 1997; Eisenhardt, 1989). The participants were ninth grade 
students who ranged in age from 13 to 15 (eleven 13-year-olds, thirty-four 14-year-olds, and five 
15-year-olds). The racial/ethnic origin of the sample population was 48% Hispanic or Latino, 
38% Caribbean or Caribbean American, 12% Asian or Pacific Islander, 8% Black, 2% White, 
and 2% multiracial. Almost half (48%) of the participants came from homes where a language 
other than English was spoken. Ninety four percent of the participants qualified for free or 
reduced lunch.  
The participants in this study were students of the researcher and chosen based on 
completion of the unit described in the next chapter. A completed record for this study included a 
pre, midterm, and final multiple choice and free response test score as well as a completed 
project lab report. Those students with incomplete records were not included in this study. This 







Eisenhardt (1989) argue that the logic behind sampling cases is fundamentally different in case 
study methodology than it is in statistical sampling. In case study research, the researcher wants 
to purposefully choose cases that are either “likely to replicate or extend the emergent theory or 
fill theoretical categories and provide examples for polar types” (Meyer, 2001, p. 333). When 
determining the sample population for this study, the researcher’s goal was to choose a sample 
that was representative of the larger population of 9th grade Living Environment students at the 
school and matched the dimensions of the dependent variable (Creswell & Creswell, 2017; 
Eisenhardt, 1989). Here, the use of theoretical sampling resulted in a transparently observable 
sample population, that was randomly distributed throughout the four Living Environment 
classes used in this study (Coyne, 1997).  
Role of Researcher and Biases 
Even though the role of the researcher is usually that of an outsider, the researcher of this 
study was also a participant. Some argue that assuming both the role of teacher and researcher 
may lead to the development of several tensions that put research in competition with teaching 
(Wilson, 1995; Wong, 1995). However, I agree with those who state that both roles naturally 
complement one another (Richardson, 1994). Good teachers possess the skills of good 
researchers, and educational researchers who know what it means to be a good teacher have a 
special perspective from which they can conduct research. This also creates a knowledge base 
that is more informed and aware of the intricacies involved in teaching and learning. Aside from 
giving a voice to those who want to share their knowledge with other educators, it also enhances 
the quality of research done by those in the field (Richardson, 1994). Nonetheless, assuming the 
role of teacher/researcher could have compromised my objectivity; therefore, several measures 







analyzed until the unit was complete and the researcher was removed from the research field. 
Additionally, the procedures and protocols used in this study were designed to minimize the 
possibility of bias. 
My personal educational experiences as a Black male in America, who has had many 
teachers who struggled to be responsive to my cultural background, constitute one form of bias 
in this study. In the third grade, I was identified as being academically gifted and was put into a 
nationwide Academically or Intellectually Gifted (AIG) advanced education program. While the 
program provided differentiated learning, experiences aimed at fostering critical thinking, and 
the nurturing of 21st century skills (North Carolina State Board of Education, 2015), it also 
unintendedly removed me from more diverse classroom settings and made me the only minority 
student in the program at my primary school. Research that looks into the recruitment and 
retainment of minority non-Asian students into gifted education programs points to 
disproportionately fewer Black and Latino students being identified as gifted. This disparity can 
be attributed to screening and identification issues; problems with teacher training and teacher 
beliefs; and student teacher relations, peer relations and the learning environment (Acosta, 2019; 
Ford, 1998). 
 Growing up with teachers and classmates who seldom looked like me; failed to 
understand me; and did not come from the same economic, cultural, and social background as 
me, made it difficult for me to navigate the educational settings I was placed in and often 
resulted in me being misunderstood. As I got older, my classmates became more diverse, but my 
teachers still failed to create inclusive learning environments where my culture and lived 
experiences were embraced and used when designing curricula and class activities. And so, I 







not culturally responsive, not inclusive, and lack student voice and student choice. My 
experiences as an urban student and as an urban science educator make me sensitive and aware 
of the issues that are experienced in urban science classrooms. This points to the importance of 
this study. We know that many science teachers struggle to create learning environments that 
engage students in authentic inquiry. We also know that teachers in urban areas may experience 
additional challenges that may contribute to the creation of unproductive, culturally misaligned 
learning environments (Tobin & Roth, 2005). Unfortunately, much of the research done on 
addressing the disparities that exist between urban populations and their more suburban 
counterparts, incorrectly reaffirm false generalizations about students’ academic abilities and 
motivation (Emdin, 2007; Tobin et al., 2001). This warrants more research being done on 
teaching methods that capitalize on the realities of urban students and approaches to science 
instruction that are authentic and meaningful. This need inspired this study, and I hope that the 
tools and structures used in this research help empower science educators to design more 
effective learning environments for all students.   
Data Collection and Analysis 
The research discussed in this dissertation was conducted over a two-and-a-half-month 
time period (see Appendix A) in four ninth grade Living Environment classes, all taught by the 
researcher. The unit used in this study was created before the school year began and was 
grounded in the following frameworks: active learning, constructivism and constructionism, 
sociocultural theory, situated cognition, reality pedagogy, and Black feminist thought (see 
Chapter II). It was also aligned with New York State Science Standards, New York State Math 







Standards (see Appendices B, C, & D). A more detailed description of how the unit was created 
can be found in the next chapter. 
The study began with all students completing a Likert scale presurvey and a multiple-
choice and short-answer pretest. The pre-survey assessed students’ understanding of the nature 
and practice of science, science epistemology, and overall interest in science. It also asked 
students several demographic related questions aimed at providing a description of the 
participants. The survey questions related to the nature and practice of science and science 
epistemology were taken from the Science Knowledge Survey created by Indiana University 
Bloomington (2015). The science interest and demographic questions were made by the 
researcher. All survey questions were reviewed by three veteran science teachers and two 
researchers to ensure reliability. The multiple-choice and short-answer questions on the pretest 
assessed students’ understanding of science content. The short-answer pretest questions were 
created by the researcher, using key ideas from the unit (see Appendix C). The multiple-choice 
questions came from past Living Environment Regents Exams (see Appendix D). Regents 
Exams are state examinations given in New York to assess students’ mastery of discipline-
specific content. Three questions were used for each New York state standard to ensure mastery. 
Again, all pretest questions were reviewed by three veteran science teachers and two researchers 
to ensure reliability. An online random number generator was used to determine the order of 
questions on both the presurvey and pretest.  
This study took place in two phases: (a) lecture series and (b) project-based science 
learning experience. In the first phase, the researcher delivered a series of lectures over 2 weeks. 
These lectures were similar in structure to a more traditional style of teaching in which 







activities. The researcher used this series of lectures to provide students with an opportunity to 
grapple with some of the more difficult concepts covered in the project and develop the skills 
necessary to complete the project. The exploratory activities were used to introduce students to 
procedures and tools used by scientists in the field to estimate population size. It was important 
for students to be familiar with these tools and methods because the project asked them to engage 
with these same materials and practices. After the 2 weeks of lectures, the researcher 
administered a midterm exam that had the same multiple-choice and short-answer questions as 
on the pretest. An online random number generator was used to make sure the questions on the 
midterm exam were in a different order than they were on the pretest exam. No midterm Likert 
scale survey was given to the participants.  
After taking the midterm exam, the second phase began. In this phase of the study, 
students were given a total of 10 weeks to complete the assigned project. A detailed description 
of how this project was created and enacted can be found in the next chapter. However, in this 
section, I provide a brief overview of what happened during this phase. The project was broken 
into nine different tasks. Each task had at least one performance-based learning objective 
attached to it. These academic skills were based on Common Core standards and NGSS Science 
and Engineering Practices (see Appendix B). Students were allowed to work at their own pace 
but were given a timeline with suggested due dates. These due dates were not punitive and only 
served as suggestions to help students manage the pace at which they worked. As students 
worked toward completing each task, they received feedback from their peers and teacher. After 
the project was completed, students took a post multiple-choice and short-answer test and 







make sure the questions on the posttest and post survey were in a different order than they were 
on previous exams.  
Data Sources 
To answer the research questions outlined in Chapter I, the researcher examined pre, 
midterm, and final examination scores, pre and post survey responses, student artifacts, and 
student interviews. These data sources were collected from curricula and classroom practices 
used in an urban New York City public high school classroom by the researcher. The students’ 
responses to the nature and practice of science survey were analyzed to see if significant 
differences existed in their conceptions before and after their participation in the project-based 
science unit. These survey responses were also analyzed to see if significant differences existed 
between gender groups. Doing so answered subquestions one and three. The researcher was able 
to see how, and to what extent, students were able to develop conceptions of the nature of 
science and science epistemology and whether these conceptions differed for male and female 
students.  
 Pre, midterm, and final multiple-choice and free-response examination scores were used 
by the researcher to see whether significant gains were achieved after the use of the project (see 
Table 3.1). Since more traditional teaching methods were used before the students engaged in the 
exploratory activities; midterm data were collected and used to compare gains achieved after the 
use of more traditional teaching methods, to gains achieved after the use of project-based science 
methods. These data were used to answer sub-question two by revealing how much science 
content was learned after completing the project-based science unit. These data were also used to 







female students. All pre, midterm, and final multiple- choice, free-response, and Likert scale 
examination scores were encrypted and stored in a safe place.   
Table 3.1 
Data Collection Sources 
Research Question Data Collection Procedure Data Analysis 
Does the implementation of a 
project-based curriculum increase 
student achievement in an urban 
New York City public high school 
science class? 
  
● How and to what extent do 
students develop conceptions 
of the nature of science and 
science epistemology within 
project-based science 
settings? 
 Pre and post Likert scale 
surveys; student interviews; 
artifacts 
Quantitative analysis of pre 
and post Likert scale 
surveys; qualitative Nvivo 
analysis of student 
interviews; examination of 
student artifacts 
● When assessed, how well do 
students perform on a 
measure of science content, 
after completing a unit of a 
project-based curriculum? 
Pre, midterm, & post 






ANOVA) of pre, midterm, 
& post tests using SPSS 
 
● Do differences exist between 
male and female participants 
as it relates to their 
conceptions of the nature of 
science and science 
epistemology, science 
content knowledge, and 
overall attitude toward 
science? 
 Pre and post Likert scale 
surveys; pre, midterm, & 
post multiple choice & free 
response tests; student 
interviews 
 
Quantitative analysis of 
survey (Cronbach Alpha & 
ANOVA) & test results 
(Mixed Between-Within 
ANOVA); qualitative Nvivo 
analysis of student 
interviews 
As part of the classroom activities, students were required to produce artifacts that took 








● Write a Testable Question-Within the scope of the project, students were asked to 
formulate a testable research question that was based on their interests. Appropriate 
resources were made available for students to use.  
● Write a Hypothesis - Students were asked to create a hypothesis that was grounded in 
research and answered the driving question posed by the teacher. This hypothesis took 
the form of an argument.  
● Design an Experiment - Students were asked to identify the materials needed, the 
variables being tested, and the step-by-step procedures needed for their investigation.  
● Collect Data - Students conducted their experiment, which included multiple trials and 
required them to record data. 
● Organize Data - Students were asked to organize and display their data appropriately.  
● Analyze Data and Draw Conclusions - Students were asked to analyze their data and 
draw conclusions based on supporting scientific evidence. Students were also asked to 
identify sources of error and pose new experimental questions based on their findings.  
● Create an Abstract - Students were asked to summarize their investigation in the form of 
an abstract. 
A rubric was created and used to assess students’ performance on the skills listed above. Once 
collected and graded, the student artifacts were used to determine which students completed the 
project, and which students did not. Those who completed the project had experiences with 
science content and scientific practices that those who did not complete the project didn’t have. 
Making this delineation is important to this study because it supports the researcher’s choice to 







Student interviews were conducted using the methods outlined in reality pedagogy 
(Emdin, 2011). Step 1 of this pedagogy asks teachers to use cogenerative dialogues to create a 
space where students can have their voices heard. Here, students sit in a circle and have an 
opportunity to share their feelings about what’s working and not working about the class, the 
teacher, and anything else related to their learning. This tool allows teachers to make 
instructional modifications to better meet the needs of their students, as opposed to making 
assumptions about where students are academically, socially, and emotionally (Emdin, 2011). 
They can be used by educators as both a teaching method and a research method. I used them to 
create a safe and brave space for students to talk about what’s working and not working with my 
science class; to gain insight into students’ past educational experiences; and to better understand 
students’ experiences with the unit. These cogenerative dialogues were recorded and used in this 
research study to answer sub-questions one and three. The results showed whether students 
developed conceptions of the nature of science and science epistemology and revealed students’ 
overall attitude toward the discipline. These interviews took place four times during the unit (two 
with each sex). Two took place with a group of male students (pre n = 5, post n = 7) and two 
with female students (pre n = 5, post n = 4). Each group met with the researcher before 
beginning the project and after completing it. All conversations were transcribed, coded, and 
analyzed for emergent themes. Recordings were encrypted and stored in a safe place.   
Data Analysis 
Qualitative analysis was performed using a qualitative analysis tool called Nvivo. 
Transcripts of the student interviews described above were made and examined for common 
themes and ideas. Once identified, statements were segmented into nodes and used to create node 







findings of the study. The qualitative data analysis is further described in the findings chapter. 
Quantitative analyses were performed using a statistical analysis tool called SPSS. Several 
inferential statistical tests were performed on each type of quantitative data. To determine if 
extreme scores were having a strong influence on group means, a 5% trimmed mean test of 
normality was performed. In this test, the top and bottom 5% of the cases were removed, and 
new mean values were calculated. This approach was used because certain cases were excluded 
from the analysis, and the researcher wanted to reduce the effects of possible outliers on the 
calculated mean. By comparing the original mean to the trimmed mean, the researcher was able 
to see if extreme scores had a strong influence on the mean. The Kolmogorov-Smirnov score was 
>.05 for each mean tested, indicating normality. Multiple-choice and short-answer examination 
scores were examined using analysis of variance (ANOVA) repeated measures and mixed 
between-within statistical tests. These ANOVA tests were used to compare three group means in 
which the participants were the same in all three groups; and to see if differences existed 
between the mean scores of both gender groups. Effect size was determined using both Eta 
squared and Wilks lambda. 
 The Likert scale survey had both negatively and positively worded items. The choice to 
use a survey formatted this way is supported by the work of Qasem and Gul (2014) who argue 
for the use of negatively worded items in a questionnaire to lessen the possibility of acquiescence 
bias. Since both the positive and negative items were equivalent, the resulting composite score 
reduced the chance of bias because it forced participants to disagree with some survey items. 
There are some drawbacks to using surveys constructed this way. “Such problems include 
lowering the internal reliability, distorting the factor structure/construction and problems of 







researcher thought the survey was appropriate and decided to use it because it was created by 
researchers at Indiana University Bloomington (2015). Before running a statistical analysis on 
the data, negative Likert scale items were reversed so that the survey responses indicated the 
same values (Pallant, 2020). A Cronbach's alpha statistical test was used to determine internal 
consistency. The alpha coefficient for the 16 survey items was 0.26 suggesting that items did not 
have internal consistency and that the survey was not an accurate measure of students’ 
understanding of the nature of science and science epistemology. In addition, it was not an 
accurate measure of students’ overall attitude toward the subject. Therefore, descriptive statistics 
were used to try to explain why students responded the way they did. 
Ethical Considerations 
Research participants were not recruited for this study. The researcher used existing data 
from his students. The researcher, and only the researcher, has access to identifiable private 
information. The data used in this study were abstracted in such a way that the information can 
no longer be connected to the identity of the participants. These abstracted data were void of 
both direct and indirect identifiers and were so innocuous that in the event of disclosure outside 
of the research, there will be no significant detrimental consequences to the participants. 
Participants’ identities were coded and replaced with a combination of numbers. Identifiers, data, 
and keys were placed in separate, password-protected, and encrypted files and stored in a 
different secure location. In addition, I took ethics in research courses and had my study 
reviewed by the Teachers College Institutional Review Board to ensure compliance with the 











All researchers must consider methods dedicated to constructing internal and external 
validity and reliability. There were several limitations to this study, some of which were 
described by Campbell and Stanley (1963) in their article “Experimental and quasi-Experimental 
Designs for Research”. The first limitation is a concern around the effects of testing. The use of 
multiple repeated assessments (pre, midterm, and post) could have had confounding effects on 
the data. Even though the assessments were designed to test students’ mastery of the science 
concepts, students did see the exam questions three times. Another limitation of this study was 
the fact that this was the participants’ first experience engaging in project-based science 
activities. For many, this presented several challenges that students had to overcome. This meant 
that the unit did not go as smoothly as it may have if students were familiar with the use of 
project-based science pedagogy. This points to the importance of curriculum development in 
elementary and middle schools and the need to provide students with meaningful experiences 
with science early and continually throughout their educational journeys.  
Transferability is often an issue in many social science research investigations. This study 
took place at an urban Title I competency-based high school. In this school, learning was 
organized around a set of skills and competencies that students mastered through participation in 
project-based learning environments. This might become problematic when comparing it to other 
public and private schools; however, I’m sure similarities could be drawn between this school 
and other urban Title I schools in major cities. In many ways, the limitations listed above were 
unavoidable when considering the purpose of this study and the complexity behind designing 
and implementing a project-based science unit. This investigation aimed to provide insight into 







unpacking students’ first-time experiences, the researcher hoped to uncover invaluable 
understandings into the ways in which students respond to more authentic and challenging 
science activities. In the next chapter, I explain the creation and enactment of the Human Impact 







Chapter 4: Developing and Implementing the Human Impact Unit 
Project Description 
The project used in this study asked students to design terra-aqua columns to explore how 
different pollutants impact terrestrial and aquatic ecosystems. Terra-aqua columns consist of two 
small habitats: one aquatic and one terrestrial. Both are created using a 2-liter soda bottle. This 
model allows students to see how human activities both directly and indirectly affect populations 
in the connected ecosystems. The project introduced students to some of the major issues found 
in the long history of controversy in ecology over the role of pollution in determining patterns of 
distribution and abundance. Some of the most detrimental controversies have stemmed from the 
impact that humans have had on the environment. Human activities have either deliberately or 
inadvertently altered the balance of nature. The destruction of habitat, whether accidental or 
intentional, has threatened the stability of the planet's ecosystems. If such human influences are 
not addressed, the stability of many ecosystems may be irreversibly affected. Crucial to this 
study were the various interactions between a population and its resources. Through student 
research, structured lessons, and scaffolded questioning, these controversial topics were 
explored. The driving question that framed the project was the following: How do different 
pollutants affect population size and sustainability in an ecosystem? 
 Like the IQWST soap project described above, I created the Human Impact project using 
the learning-goals-driven design model, which includes three stages: (a) specifying learning 
goals, (b) developing materials, and (c) gathering feedback. When specifying the learning goals 
of the project, I similarly created a concept map that included the content standards, interrelated 
concepts, and big ideas. However, I formatted the big ideas into inquiry questions to help align 







attainments. An attainment is an actionable skill or ability that a student demonstrates, applies, or 
performs. At the highest level, attainments are cross-cutting and relevant to multiple domains, 
contexts, and content areas and were created using Common Core standards. These standards can 
be found in Appendix B. New York State Learning Standards for Science, the New York State 
Math Science and Technology Standards, and the Next Generation Science Standards were also 
chosen as learning goals and were used in creating the project.  
 After creating the concept map, I thought about the major understandings of science 
epistemology that I wanted students to walk away with. I found that identifying these 
understandings helps educators develop learning performances and learning tasks that are more 
aligned with the nature of science. This is supported by research that states that the nature of 
science should represent a fundamental domain in the portrayal of science to students (McComas 
& Wang, 1998). With one of the aims of science education being to engage students in the 
practice of science through argumentation, epistemology becomes increasingly important to 
students’ understanding of science and the work that scientists do. I believe that these 
understandings play an important role in all three stages of the learning-goals-driven design 
model. Next, I decided which cognitive tasks I was going to ask students to perform. Again, 
similar to the designers of the IQWST project, I used science inquiry standards and habits of 
mind to inform the creation of the learning performances. This helped with identifying the 
relationship between the content standards and the inquiry activities students were going to do. 
After their creation, I moved into the development stage and designed the conceptualization, 
learning tasks, instructional sequence, and rubrics. 
 The contextualization step connected students’ prior experiences to the learning goals 







question: How do different pollutants affect population size and sustainability in an ecosystem. 
This driving question had to be feasible, worthwhile, contextualized, meaningful, and ethical 
(Krajcik & Blumenfeld, 2006). This step also blended into developing the learning tasks. Using 
the aforementioned nature of science and science epistemology understandings, I thought about 
the practices scientists engage in when sampling populations and incorporated those activities 
into the learning tasks. In this case, students were asked to create terra-aqua columns, which 
consisted of creating a model of two thriving connected ecosystems (one terrestrial and one 
aquatic). Students were then tasked with the responsibility of examining what happened to 
organisms (plants and pond bacteria) living in each ecosystem when a pollutant was introduced 
to one of the systems. The pollutants that students chose from replicated the same pollutants 
humans introduce into different ecosystems (i.e., CO2, excess fertilizer, pesticide, and oil).  
The next step was to backwards plan and determine what the specific learning tasks were 
going to be, and how I could develop a student friendly workbook that would guide students in 
the completion of each task while providing student choice and student voice. I also thought 
about the ways in which each task should be used to help students construct arguments in the 
construction of their hypothesis and then again at the end of their project with their data analysis 
and conclusion. Unfortunately, research suggests that students struggle with formulating 
arguments in project-based environments because they don’t consider evidence systematically 
and cannot generalize ideas from laboratory experiments to their everyday experiences and to 
other material they were studying. Students also have a difficult time building relationships 
between evidence they collect and their experimental hypothesis (German & Aram, 1996). They 
can, however, respond to questions intuitively rather than drawing on scientific principles under 







When trying to get students to use evidence to support their claims, one has to consider 
the epistemological questions: What counts as a claim? How do you construct one? What counts 
as evidence? How do you determine the best evidence to support or refute claims? How do you 
construct a persuasive argument? The answers to these questions will be dependent on students’ 
epistemological notions about the use of argumentation (Sandoval & Millwood, 2007). I used 
these questions to purposefully design the tasks in which students were asked to create 
arguments. Research shows that the use of methodological tools in the science classroom may 
help students create arguments but fail to accurately portray the roles that argumentation plays in 
the problem-solving nature of science (Erduran, 2007). These tools, however, have not been used 
in many project-based science classrooms where the class activities have been designed to 
support the development of conceptions regarding the use of argumentation in science. Using 
these argumentative tools in settings that ask students to solve problems should aid in the 
development of accurate understandings about the use of argumentation in the scientific 
community. After designing the learning tasks and the complementary student workbook, I then 
determined the instructional sequence to help build students’ understandings of the content and 
practices they were going to need to be successful in the project and then designed a unit around 
those understandings and practices. Afterwards, I designed the project assessments and rubrics.  
It is also important to note that reality pedagogy and Black feminist thought were used in 
the design and use of the classroom community. This is one of the distinguishing characteristics 
about this approach to project-based science. As outlined in the previous chapter, reality 
pedagogy and Black feminist thought provides opportunities for educators to ground their 
pedagogical strategies in the realities and lived experiences of their students. While these two 







well, and features of both were used in preparation of this unit. I made a concerted effort to 
create a shared and transformative democratic learning environment where students felt 
welcomed and valued and had opportunities to have their ideas and voice heard both in the way 
the class ran and in terms of what they learned.  
Cogenerative dialogues were used in all four classes as a means for students to provide 
feedback but also to provide students with mentorship and coaching. Since this was students’ 
first experience with project-based science, it was important for me to not only create a space 
where they felt comfortable venting their frustrations but could also get encouragement and 
validation on the work they were doing. In all four class, co-teaching and cosmopolitanism were 
promoted through the use of student leaders. At the beginning of the semester, students chose 
leaders who filled the following roles: (a) timekeeper-kept a running record of the time spent in 
each period and helped their class transition from one class activity to another; (b) attendance 
recorder-recorded the attendance every class period; (c) bathroom monitor - recorded and 
managed how many times each class member used the bathroom throughout the semester; (d) 
parliamentarian - kept and maintained order by making sure that their classmates remained on 
task and that side conversations were kept to a minimum; and (e) teacher assistants - assisted the 
teacher by creating and grading papers, facilitating discussion, and co-teaching lessons.  
Every Monday, I spent time developing the classroom context. My goal was to make 
each classroom feel familiar and welcoming. At the start of the week, I used the classroom to 
discuss current social, political, cultural, and science topics. This created opportunities for 
students to think about who they were at the time, their experiences and interactions with the 
world, and who they wanted to become. By having these discussions through the lens of science 







responsive to their cultural needs, while also helping students develop knowledge of self. I also 
chose a noteworthy person to be our class role model every week. These individuals were chosen 
based on their contributions to society and the field of science. Many role models were women 
and scientists of color. Every week, students received information about the chosen role model, 
and we discussed the ways in which that person helped to shape society. This created a space for 
me to not only highlight the experiences and contributions of women and people of color but to 
also draw attention to the commonalities that exist between them. This was also where Black 
feminist thought showed up in the classroom. Many of the conversations we had were framed to 
empower students to actualize a humanistic vision of the world. Ones where the academic, 
political, and historical contributions of women of color, along with their lived experiences, were 
discussed. This engaged students in conversation about race, class and gender as interlocking 
systems of oppression.  
There were also students of the week each week. These students were recognized and 
acknowledged for outstanding work the week before and any noteworthy contributions made to 
the classroom community. This validated students for their hard work. The last and final step in 
reality pedagogy is content. The word content refers to the academic work and curricula teachers 
are responsible for covering. With this step, teachers have an opportunity to make their 
classrooms a space in which learning happens for everyone. Here, the teacher is not an expert, 
and they openly invite students to research unfamiliar concepts or topics (Emdin, 2011). Students 
were not only exposed to the rigorous science learning and performance standards mentioned 
above, they also received weekly college tips aimed at starting a conversation about what college 
life is like and the steps needed to be successful there. Homework help was also offered once a 







given that week or if they just needed a safe space to do work from other classes. Help came both 















Chapter 5: Findings, Discussion, & Implications 
Findings 
As outlined in the previous chapters, this mixed methods case study was conducted to see 
if the implementation of a project-based curriculum would increase student achievement in an 
urban New York City public high school. More specifically, I wanted to see (a) how and to what 
extent urban students developed conceptions of the nature of science and science epistemology, 
(b) how much science content urban students learned by completing a unit of a project-based 
curriculum, and (3) whether significant differences existed between male and female participants 
as related to their conceptions of the nature of science and science epistemology, science content 
knowledge, and overall motivation toward the discipline. The answers to these questions can be 
found in this chapter. The findings, discussion, and implications of this paper are combined and 
presented in four sections. The first section presents quantitative data from multiple performance 
assessments; the second section presents qualitative data from video transcripts; the third section 
provides a discussion of the results presented in the first two sections; and the fourth provides 
several implications for further consideration.  
Information was received from 50 participants ranging in age from 13 to 15 years. The 
test population was a sample of convenience, which was determined by excluding incomplete 
cases from the analysis. All participants in this study received a score of “meets or exceeds” for 
each task/performance on the project and completed all of the pre, midterm, and post exams and 
surveys. Five percent trimmed mean tests were done with multiple-choice and free-response 
pretest, midterm, and posttest scores and multiple variables (i.e., gender, age, ethnicity, primary 







mean. For each test, scores indicated very close original and trimmed means, suggesting that 
extreme cases did not have a strong influence on the mean values.  
Quantitative Data 
An analysis of variance with repeated measures was used to compare three group means 
in which the participants were the same in each group. This analysis was used because the 
participants were measured multiple times (pretest at Time 1, midterm at Time 2, and posttest at 
Time 3), using various assessments to see the effects of project-based science instruction. In this 
first case, the researcher was looking to examine students’ multiple-choice exam scores. The 
independent variable was time, and the dependent variable was the multiple-choice test score. 
The means and standard deviations are presented in Table 5.1. There was a significant effect for 
the Wilks Lambda statistical test = .32, F (2, 48) = 52.13, p < 0.0005, leading me to reject the 
null hypothesis of no difference existing between mean scores and accept that differences existed 
between at least two population means. The effect size was large (multivariate partial eta squared 
= .69.), indicating that 69% of the variance was largely correlated with the treatment. As a post-
hoc test, a Bonferroni pairwise comparison was made. Significant differences existed between 
average raw pretest scores 44.6 and average raw posttest scores 61.0 (p < 0.000). This was an 
overall average gain of 16.5 points between the pretest and posttest. Differences were not 
significant between the average raw pretest score 44.6 and the raw midterm score 48.6 (p < 
0.239). However, significant gains were made from the midterm 48.6 to the posttest 61.1 
(p<0.000), a difference of 12.52 points. These results suggest that the use of traditional teaching 
methods may not have been effective in improving students’ understanding of science content; 










Multiple-Choice Test Descriptive Statistics 
  Mean SD N 
MC Pretest 44.6000 16.36572 50 
MC Midterm 48.5800 18.87995 50 
MC Posttest 61.1000 15.47249 50 
 
Again, a one-way repeated measures ANOVA was conducted to compare scores on the 
free response pretest at Time 1, midterm at Time 2, and posttest at Time 3. The means and 
standard deviations are presented in Table 5.2. There was a significant effect for the Wilks 
Lambda = .043, F (2, 48) = 540.20, p < .0005, leading me to reject the null hypothesis of no 
difference existing between mean scores and accept that differences existed between at least two 
population means. The effect size was extremely large (multivariate partial eta squared = .96), 
indicating that 96% of the variance was caused by the treatment. Again, as a post-hoc test, a 
Bonferroni pairwise comparison was made. Significant differences existed between average 
pretest scores (8.56) and average posttest scores (79.14; p < 0.000). There was an overall gain of 
70.58 points between the pretest and posttest. Significant gains were also made from the pretest 
(8.56) to the midterm (18.80; p < 0.012) and the midterm (18.80) to the posttest (79.14; p < 
0.000). There was an average increase of 10.24 points from Time 1 to Time 2 (after lecture 
series), and a 60.34-point gain from Time 2 to Time 3 (after the project-based science unit). Like 
the multiple-choice test results, significant gains were seen with the free-response test results. 







made from engagement in the project-based science unit were almost six times the number of 
points gained from the use of traditional teaching methods.   
Table 5.2 
 
Free Response Descriptive Statistics 
  Mean SD N 
FR Petest 8.5600 14.80232 50 
FR Midterm 18.8000 26.48835 50 
FR Posttest 79.1400 16.01021 50 
 
A mixed between-within subjects’ analysis of variance was conducted to assess the 
impact of gender on participants’ multiple-choice test scores across three time periods (pretest, 
midterm, and posttest). There was no significant interaction between gender and time, Wilks 
Lambda = .98, F (2, 47) = .573, p = .57. There was a substantial main effect for time, Wilks 
Lambda = .324 F (2, 27) = 49.02, p < .0005, partial eta squared = .676, with both genders 
showing an increase in test scores across the three time periods (see Table 5.2). The main effect 
comparing genders was significant F (1, 48) = 7.304, p = .009, partial eta squared = .132, 
suggesting differences in test scores for each gender. The male participants scored an average of 
48.19 points on the multiple-choice pretest, 53.84 points on the midterm, and 64.87 points on the 
posttest. This was a 5.65-point gain from Time 1 to Time 2 and a 11.03 gain from Time 2 to 
Time 3, making the overall gain in points 16.68. The female participants scored 38.74 points on 







1.26-point gain from Time 1 to Time 2, a 14.95-point gain from Time 2 to Time 3, and an overall 
point gain of 16.21.   
Table 5.3 
 
Pre, Midterm, and Post Multiple-Choice and Free-Response Exam Scores  
 Male Female 
Time Period n M SD n M SD 
MC Pretest  31 48.19 15.63 19 38.74 16.23 
MC Midterm 31 53.84 18.99 19 40.00 15.62 
MC Posttest 31 64.87 13.54 19 54.95 16.78 
FR Pretest  31 11.48 16.77 19 3.79 9.44 
FR Midterm 31 22.13 28.13 19 13.37 23.25 
FR Posttest 31 81.81 15.42 19 74.79 16.41 
 
A mixed between-within subjects’ analysis of variance was conducted to assess the 
impact of gender on participants' free-response scores across the three time periods (pretest, 
midterm, and posttest). There was no significant interaction between gender and test score, Wilks 
Lambda = .99, F (2, 47) = .04, p = .96, partial eta squared = .002. There was a substantial main 
effect for time, Wilks Lambda = .045, F (2, 27) = 500.73, p < .0005, partial eta squared = .955, 
with both genders showing an increase in test scores across the three time periods (see Table 
5.3). The main effect comparing genders was not significant F (1, 48) = 3.04, p = .087, partial eta 
squared = .06 suggesting no significant difference between males and females. The male 
participants scored an average of 11.48 points on the free-response pretest, 22.13 points on the 
midterm, and 81.81 points on the posttest. This was a 10.65-point gain from Time 1 to Time 2 







the female participants scored 3.79 points on the pretest, 13.37 on the midterm, and 74.79 on the 
posttest. This was a 10.24-point gain from Time 1 to Time 2, a 60.34-point gain from Time 2 to 
Time 3, and an overall point gain of 70.58.   
The Likert scale survey was given to participants before the implementation of the 
project-based science unit and again after the unit was completed. It was used to assess students’ 
understandings of what science is and how scientific information is created, understandings of 
the roles that scientists play in practice, and overall attitude toward pursuing a future career in 
the discipline. Unfortunately, the survey was not a reliable assessment of these understandings. 
As mentioned in Chapter III a Cronbach Alpha test was administered to determine internal 
consistency of the 16 survey items. The alpha coefficient was 0.26, which was lower than the 
acceptable value of 0.7. Response means were also examined, and an analysis of variance was 
run to determine if significant differences existed between mean responses. The only set of 
questions that garnered a significant p value was the set aimed at revealing students’ 
understanding of what scientific knowledge was p = 0.02. This indicates that students may have 
developed an understanding of what scientific knowledge is through their completion of the 
project. However, no definitive conclusion can be drawn because of the poor reliability of the 
survey. While I can’t be certain why students responded the way they did on the pre and post 
Likert scale survey, language and literacy may have been barriers in students’ understanding of 
the questions. Almost half of the participants in this study were former English language 
learners.  
Qualitative Data 
Student interviews were transcribed and analyzed using a qualitative analysis program 







were classroom community, past educational experiences, general feedback, the nature of 
science and science epistemology, and motivation to pursue science as a career. I discuss each of 
these themes below. 
Classroom Community 
In the first two discussions the researcher had with cogenerative dialogue participants 
(one with males and one with females), several things surfaced regarding the classroom 
community. As new high school students, the participants discussed several characteristics of 
their new learning environment that made learning possible. All male and female cogenerative 
dialogue participants indicated that they liked the science class that they were enrolled in. They 
said they liked the teacher (also the researcher) and believed the teacher was caring, fair, 
supportive, and good at explaining things. Students also liked that the class was hands-on and 
that they had a voice in how the class ran. Students reported that they “liked being treated like an 
adult”. It appeared that all participants enjoyed the science class and wanted to learn. They even 
voiced concerns about group members not contributing to the completion of group work, and 
other distractions cause by behavioral and classroom management issues. 
Past Educational Experiences 
Prior to engagement in project-based science activities, participants reported that their 
prior science experiences were largely traditional and included activities such as lectures, taking 
notes, and working in workbooks. They did not engage in hands-on activities that challenged 
them to work beyond their comfort zones. According to the students, the few inquiry 
opportunities they had lacked rigor. Below, is an excerpt from the first male and female 
cogenerative dialogues: 










In science, it was actually pretty nice. My teacher was a very nice lady. 
She would help us. She would explain everything, give us notes, and 
sometimes open book tests. In reality, she shouldn’t have given us open 
book tests, because we needed to memorize a lot of stuff, like formulas.  
HS (male): Well, my teacher was very nice. She tried to prepare us for the real 
world. She tried to prepare us for high school. For example, she gave us 
these review books, where we had to prepare for the regents. That was 
very helpful. And she would always help us. She would put us into 
groups with people who we hung around with . . .. and would give us a 
vocabulary list to study. That was very helpful because it . . .. like I 
said, she was preparing us for high school. She’s one of the best 
teachers I’ve had thus far. 
TC (male): Just like MD said, my teacher was very nice. She was easy. She would 
give us the lessons. We had this workbook, and it would show us 
everything that we needed to know. Before a test, she would give us a 
lot of notes to jot down, and we would use them on our test. It felt a 
little bit too easy for me. 
MD (male): I felt like she [same teacher that TC just talked about] should have 
given us a lot more material to get used to, because college and high 
school is different. 
TC (male): Even when we had an open book test, I would still study the notes 
because sometimes I might forget.  And you know . . .. I needed those 
notes to study. Sometimes I would leave my notebook at home… and I 
needed those notes to stay jogged in my head, so I could remember 
them when taking the test.  
 
Researcher: Describe your past experiences with science. 
FI (female): So, my science teacher was very old. She would just give us the 
textbook, and she didn’t know how to hold down the classroom. So, 
when it came to tests and everything, I didn’t do good. I always did 
really bad because she didn’t explain any information to us. And…. I 
would always take notes in her class. Some days I would go to the 
office, and I wouldn’t do any work. Other days, I would really be into 
the lesson…. but she was not a good teacher. Like, she didn’t know 







videos…. but the projector wasn’t good, so you couldn’t hear anything. 
My scientific research teacher would explain things, but she was very 
strict. She wasn’t a good teacher either.  
OH (female): I feel like my teacher would always give us notes, so we would know 
what to do that day. She was very reasonable with the class. If the 
majority of the class got 100% on their test, or a high grade, she would 
reward us with stuff. She would motivate us to do our work.  
MB (female): So, for me, my teacher was brand new to the school. It was her first 
year. She was nice and everything, but she would just write on the 
board and explain it. We couldn’t even ask her questions if we didn’t 
understand. She just wrote information repeatedly and at the end of the 
week or at the end of the month, she would give us a quiz or a test. So, 
I kinda never did good. The whole class didn’t do good because of that.  
This is important for this study because it indicates that students’ prior experiences were not 
challenging, did not engage students in authentic science practices, and were not very student 
centered. Students described the use of the “pedagogy of poverty” I described in Chapter 2. 
Researcher: So, what did science class look like in middle school? 
TC (female): For me, my science class was like life science. We didn’t actually 
collect data or do research on anything. The closest thing we did was 
look through a microscope at some tissue from onions and frogs and 
other stuff. That’s the closest thing we came to collecting data.  
TQ (female): We never did a big project in my middle school. We just did work in a 
workbook. That’s it.  
Researcher: So y'all had a workbook? And you just did what was in the workbook? 
MD (female): I do not remember having science.  
TQ (female): We never had a project.  
MS (female): I think the most advanced thing we did was look under a microscope. 








Researcher: So, what did science class look like in middle school? 
BR (male): My school never did hands on stuff. 
TP (male): This was like the first real project we ever did. 
KB (male): We compared a beetle to a mosquito and learned different body parts. 
We explained data. That’s it. We never had a conclusion, analysis, 
none of that.  
MS (male): Yeah, this was the first big major project I’ve ever done. Ever, like 
ever. In any subject. This is the first major, major, major, major 
assignment, that I’ve had to do in any subject.  
MD (male): Before coming to this school, I feel like I didn’t know anything about 
science before coming to this school. 
Researcher: So, this is the first time you actually learned stuff? 
 [Everyone at the table nods in agreement.] 
In the previous excerpt, it is evident that this was the students’ first encounter with a 
rigorous hand-on project in which they learned science content and engaged in scientific 
practices. This was evident in both the male and female cogenerative dialogues. As KB stated, 
“We compared a beetle to a mosquito and learned different body parts. We explained data. 
That’s it. We never had a conclusion, analysis, none of that.” MD even claimed that “before 
coming to this school, I feel like I didn’t know anything about science. . ..” This made it difficult 
for some students to transition from the activities they were used to in middle school to the 
activities they were asked to complete in the project.  
Feedback 
One of the main goals behind cogenerative dialogues is to create a space for students to 
provide their teachers with feedback. In the second male and female cogenerative dialogues, 







students’ first experience with project-based instruction. Initially, they reported some difficulty 
in understanding what they were being asked to do. However, after looking through the student 
workbook along with worked examples and receiving answers to their questions, students were 
able to navigate the project. Each task in the project corresponded with a practice that scientists 
use in the field to find answers to their questions. Some of these practices were more difficult for 
students than others: 
Researcher: Which parts of the project were easy for you? Which parts of the 
project were difficult for you? Why? 
KB (male): The easy part for me was creating a model. The difficult part for me 
was collecting the data because I haven’t had that much experience 
with the microscope. So, I was kind of confused on that part. Another 
thing that was confusing for me was making the procedure, because I 
didn’t know what to do with the fertilizer. So, I was kind of confused at 
that part. But, I found that the data was a strong aspect of the project 
and helped me with explaining. 
MS (male): Yeah, I think what really confused me was the way I had to write my 
review of literature. Like it was right there, and I get that, but like I 
didn’t know how to format it. I remember you telling me that it was 
cheesy, because I had never written something like that before. I 
wanted to add personality. I was always taught when you write a big 
paper or anything, you have to make the reader engaged. And when I 
was writing that review of literature, I didn’t just want to do, What is a 
population? Bla bla bla bla. What is this? Bla bla bla bla.... and just be 
done with it. I wanted to add personality, and I think that really 
hindered me from really excelling. Because I know damn well that I 
didn’t get a good grade on this project at all. Like I’m totally open on 
that. Like 100%. 
MD (male): In all honesty, this project should have been easy. But the fact that no 
one does anything, and everyone was lazy . . . everybody. . .. It should 







KB (male): I think it was a big jump from what we are used to. It was a big jump 
from what we used to do… I feel like most of us were not used to 
having all of that in one full project.   
MD (male): But knowing that the whole workbook was there, that explained 
everything little by little, was helpful.  
KB (male): I feel like it was a good thing that everything was connected. Like how 
you took us from taking notes, to the classes that you taught us, to the 
writing piece that we had. It all connected to the whole.  
MS (male): It was all synchronized. It was more synchronized than Apple products.  
Researcher: I’ll take that as a compliment.  
KB (male): Everything had a purpose.   
MS (male): Yeah, everything has a purpose. Like the lectures that you taught us. 
We had to take notes, and those notes were helpful for what we were 
going to do. Like in math, they say okay, this is how you do exponents. 
The test comes, nothing on there is exponents. That’s an exaggeration, 
but you get the point. I like how it was straight to the point. You don’t 
suffer from it afterwards. Well, you don’t suffer from it before because 
you don’t know it. You told us what we needed to know and only what 
we needed to know. 
Researcher: So, if I gave you a new project. A different project, but the same 
format. Would you do better on it after completing this one? 
 [Everyone at the table says yes.] 
Researcher: What parts of the project were easy for you, and which parts of the 
project were difficult for you? And why? 
EC (female): It wasn’t that it was hard. It was just the quality. I remember being 
asked to make a presentation in middle school… you know those little 
cardboard presentation stand up things? Like a science fair volcano 
project. This project wasn’t like one step, you just had to conduct a 
bunch of steps. 
FI (female): In middle school they would just give us a project on paper. They 
would make fun of us. Like they would just give us a big booklet for a 







and they would lay it all out for us. But your project was more hands 
on. We had to talk to you about it and do it in class and do stuff at 
home. 
OH (female): It was hard as hell… 
FI (female): I think it is kinda the fault of the teachers in middle school. I do not 
remember them teaching us that. They should have given us projects 
like that. In my school, we went into the textbook, and she gave us 
homework every day. 
 
In the excerpt above, one student went as far as to blame her middle school teachers for using 
traditional teaching methods. “I think it’s kinda the fault of the teachers in middle school. I don’t 
remember them teaching us that. They should have given us projects like that. In my school, we 
went into the textbook, and she gave us homework every day.” Students were also able to name 
that their work habits got in the way of them being successful on some of the parts of the project. 
Additionally, students commented on the creation and enactment of the unit. One student said, “I 
feel like it was a good thing that everything was connected. Like how you took us from taking 
notes, to the classes that you taught us, to the writing piece that we had. It all connected to the 
whole. . ..” MS compared the synchronicity of the unit to the synchronicity between Apple 
products, “It was all synchronized. It was more synchronized than Apple products.” They also all 
reported that they would do a better job on future projects after completing this first one.  
Nature of Science and Science Epistemology 
 After engagement in the project-based science unit, participants were asked a series of 
questions aimed at gaining insight into their conceptions of science epistemology and the nature 
of science and how the project helped to develop those understandings. As outlined in Chapter II 
there are intersections between the nature of science and science epistemology. The nature of 







social community of practitioners, and how society directs and reacts to scientific endeavors. 
Science epistemology refers to understanding that scientific knowledge is tentative and subject to 
change, empirically based (created from observations made of the natural world), subjective 
(theory-laden), and involves the invention of explanation (Abd-El-Khalick et al., 1998). When 
asked for a definition of science, students in both cogenerative dialogue groups were able to 
articulate the understanding that science allows us to explain the world around us. The excerpt 
below comes from the second cogenerative dialogue with female participants: 
EC (female): I think that science is a way of explaining life for certain people. 
Because some people explain life religiously, and some people explain 
life scientifically. And I think that science is a way of discovery. 
Researcher: How do you think science operates? 
OH (female): What do you mean when you say operates? 
Researcher: Like, how does it work? 
EC (female): Research 
OH (female): Yeah research, you research one topic, and then collect more and more 
data on it… until you know it’s a scientific proven fact… or whether 
marshmallows are white, and apples are red, and stuff like that. 
FI (female): It just depends. It is more like some are hands-on and some are just 
researching information and seeing what other scientists think and their 
opinion and what they know. 
When asked how science operates, students were able to tease apart the understanding that 
science is an enterprise that consists of the creation of knowledge claims, the practice of 
answering questions through exploration, and the use of collaboration in both of these practices. 
EH said “It just depends. It’s more like some are hands-on and some are just researching 
information and seeing what other scientists think and their opinion and what they know.” 







All: Science is our understanding of everything. 
Researcher: Ok, so if science is our understanding of everything, how do we come 
to those understandings? 
TC (male): By doing research on things that we either don’t know or are curious 
about. Say for example . . . black holes. We have seen reactions in 
space that seemed unusual, and we were uncertain about them, and 
wanted to learn more. I feel like that is what it basically is. 
 
As discussed in Chapter II, one of the distinguishing aspects of project-based science is its ability 
to be anchored in real-world phenomena and be authentic to work scientists do in the field. When 
asked about the ways in which the Human Impact project modeled the work scientists do, 
participants in the female cogenerative dialogue made the following comments: 
Researcher: What aspects of the project that you all just completed do you think are 
very similar to the work that scientists do? 
MB (female): Collecting data. 
OH (female): I was just about to say that. When we went to the park to do the mark 
and recapture. . ..   
Researcher: Quadrat sampling? 
OH (female): Yeah, it was that. And then we learned about it after. And we had more 
information on it. That’s something that scientists do.  
FI (female): Even measuring the plant number and height, the leaves, the water and 
bacteria, and making sense of it.  
EA (female): I think it was even just asking questions. Because I know that scientists 
have to ask questions.  
Researcher: Can you speak a little louder? 
EC (female): Asking questions. Even in our projects, we had to ask and questions. 
Scientists have to ask a lot of questions. 







EC (female): Work in small groups 
Male participants shared similar sentiments: 
Researcher: So, in what ways do you think the project you just completed is similar 
to the work scientists do? 
KB (male): The way we collected data and examined how humans’ impact 
different environments. Scientists do research on populations. I 
remember you explained that in your lesson. You explained how 
populations are connected in communities. So, humans can impact 
populations through their actions. For example, by using fertilization or 
carbon dioxide. So, I feel like us seeing the reactions of our plants in 
our experiment, was related to the type of experiments that scientists do 
to examine relationships in ecosystems. 
MS (male): Yeah, I think what it does is, we recorded data that we inflicted and 
then just analyzed it. It was a huge test on analyzation. 
Researcher: Is that the way you approached science in middle school? Were your 
assignments similar to the ones you had to do in the project? 
Everyone: No! 
TQ (male): No, we never recorded data. 
In both of these excerpts, students were able to name that the project they completed required 
them to collect and analyze data, ask questions, and work collaboratively. One student even 
made a connection between the use of a practice in the project, and how scientists use the same 
practice in the field to estimate population sizes. Again, these conversations were very similar in 
both cogenerative groups. Students were also able to name that science is both theoretical and 
practical and that systems and phenomena in the real world can be studied by creating models. 
Motivation to Pursue Science as a Career  
Prior to engagement in the project-based science unit, all five male cogenerative dialogue 







interested in pursuing a career in science. Four cogenerative dialogue female participants 
claimed that they liked science, but three expressed interest in pursuing a career in science. After 
completing the Human Impact project, students were asked again if they wanted to pursue 
careers in science. The same male participant who said that he was interested in becoming a 
scientist before starting the project still wanted to be a scientist when it was over. The other male 
participants who took part in the first cogenerative dialogue maintained their interest in, and 
appreciation for, the subject but did not express a greater interest in pursuing a career in science. 
This can be seen in the excerpt below: 
Researcher: So, for those of you who thought you wanted to be a scientist before, 
do you still feel that way? If you didn’t want to be a scientist before, 
has anything changed? If so, I’m curious about what changed. 
MD (male): I still don’t want to be a scientist. I ask a lot of questions. Some things 
can be answered, and some can’t. 
KS (male): I still want to be a scientist.  
MS (male): I think for me, science is a hobby. I like to read books and learn about 
it, but I don’t think it’ll be my profession. 
KB (male): Science for me is a difficult subject. So, I don’t think I’ll be pursuing it 
as a career. But it is an important aspect of your life, to know a lot 
about science. 
Researcher: TC, you said that you might want to be a scientist before, right? 
TC (male): Well, right now I’m in the middle. I love science, I love learning about 
stuff science related. I even watch YouTube videos on science, but to 
see it as a profession, it is a little too early for that. There are lots of 
other jobs I am looking at, and want to do, but if this was my last 
option, I would be a scientist.  
 
The same female participants who said that they were interested in becoming scientists before 







science is more than a field of study and is valuable in every profession.  MB said, “I think every 
career has to do with science. . .. because if you’re trying to be a police officer, and something 
happens with somebody’s body, you have to check DNA or this and that. . ..” The one girl who 
said that she didn’t want to be a scientist eventually came to realize that science would be crucial 
to her success in her future career.  
Discussion 
There is nationwide awareness that the purpose of science education goes beyond 
knowledge acquisition in the classroom and instead involves the creation of lifelong learners 
(Vedder-Weiss & Fortus, 2011). Project-based science is a reform pedagogy that aims to do this 
by emphasizing the real-world utilization of science to solve problems that are personally 
relevant to students’ everyday lives (Kanter & Konstantopoulos, 2010). While it is certainly a 
goal of project-based science to positively impact science achievement and motivation for all 
students, much of the research done on its use as an instructional strategy has been done with 
college-aged students or with elementary and middle school students who are not representative 
of the diversity that exists in this country (Kanter et al., 2001; Krajcik et al., 2007; Panasan & 
Nuangchalerm, 2010; Scheneider et al., 2002; Shwartz et al., 2008). The goal of this study was to 
provide a glimpse into what it would look like to use a reconceptualized approach to project-
based science that was more inclusive of urban students’ identities and lived experiences while 
also being intentional about the nature of science and science epistemology. The results suggest 
that students not only developed understandings of science content and the nature of science and 
science epistemology but also improved their self-efficacy.  
For many, this was the first time they were asked to complete work of this magnitude. As 







were very traditional, not student centered, and lacked participation in hand-on activities. This 
supports research that shows the use of a “pedagogy of poverty” in urban school settings, where 
teachers use practices that disproportionately affect students’ understanding of science content 
and their overall attitude toward the discipline (Kahle et al., 2000; Kanter & Konstantopoulos, 
2010). This departure from traditional ways of teaching is sometimes difficult for students to 
experience. The change in expectations and rigor, coupled with the amount of autonomy needed 
for self-directed learning, takes time to get used to. Therefore, some designers spiral the use of 
project-based curricula as in the I, Bio curricula I critiqued in Chapter II (Kanter et al., 2001). 
Students in the present study reported that they would perform better on later projects if given an 
opportunity to do so.  
Although this unit was very different from the work students did in middle school, 
participants showed an appreciation for their experience with the project. Therefore, early 
exposure to project-based science is important for children. As they approach adolescence, early 
experiences are landmark in influencing students to pursue careers in science. As a result, 
students who lack motivation during this sensitive time often shy away from science and struggle 
to be curious and open to science concepts and practices (Bathgate et al., 2013). Since this study 
took place late in students’ educational careers (post middle school), many students already had 
preconceived ideas about what science was and whether they wanted to pursue careers in the 
field. However, students developed an appreciation for the way their participation in this unit 
pushed them in ways they had not been pushed before. Students not only alluded to this during 
the cogenerative dialogues but expressed disappointment in not being exposed to this form of 







science. The findings of this study have implications for several areas of research. I describe 
these areas in the following section. 
Project-Based Science, the Nature of Science, and Science Epistemology 
Authentic science experiences in which active learning takes place, not only foster 
academic attainment but also improve students’ perceptions of the discipline and themselves. 
Engagement in authentic practice situates students in an appropriate cognitive apprenticeship in 
which experts can provide learners with the tools, ideas, and strategies needed to complete varied 
tasks. “Authentic experimentation often involves the use of model systems as surrogates for the 
phenomena being studied” (Charney et al., 2007). When students study real phenomena, they not 
only become more engaged, but they also learn more. Project-based learning provides students 
with opportunities to experience and participate in the work that scientists do. This involves 
using argumentation in the examination, construction, and critique of scientific and personal 
knowledge claims. The first research sub-question in this study was the following: “How and to 
what extent do students develop conceptions of the nature of science and science epistemology 
within project-based science settings?” Unfortunately, the reliability of the pre and post Likert 
scale surveys was unacceptable. Therefore, no significant conclusions could be drawn from 
them. However, the researcher was able to assess students’ understanding of the nature of 
science and science epistemology in the student interviews. When asked how science operates, 
the male and female participants who took part in the cogenerative dialogues were able to tease 
apart the understanding that science represents our understanding of the natural world, it is an 
entity that consists of the creation of knowledge claims, the practice of answering questions 







to draw connections between the performance tasks they were asked to complete in the project 
and the work that scientists do in the field. These findings warrant further research in this area.  
Project-Based Science and Assessment 
As outlined in Chapter II, there are some researchers who argue against the use of 
traditional standardized forms of assessment in project-based science learning environments 
(Frank & Barzilai, 2004; Keppell & Carless, 2006; Krajcik et al., 1994; Van den Bergh et al., 
2006). However, there are studies that show students making significant gains on standardized 
science examinations after participation in project-based science activities (Geier et al., 2008; 
Krajcik & Starr, 2001; Marx et al., 2004; Rivet & Krajcik, 2004; Schneider et al., 2002). In this 
study, students were assessed using both performance and standardized assessments that were 
aligned to both state and national standards. My second research sub-question was the following: 
“How much science content are students able to learn after completing a unit of a project-based 
curriculum?” Students were given pre, midterm, and final multiple-choice and free-response 
examinations to see whether significant gains were achieved after the use of the project-based 
science project. These examinations were directly aligned with New York State Living 
Environment key ideas and learning standards (see Appendices C and D). The results showed 
that students exhibited higher test scores after completing the project-based science unit, than 
they did after traditional lectures. It is possible that this occurred as a confounding effect of using 
both instructional methods. If so, this would support the research presented earlier in this paper, 
that suggested that providing students with opportunities to grapple with difficult concepts before 
learning them, could prepare them for future learning (Hammer & Black, 2009). It would also 
have implications for the use of complementary pedagogical teaching models in science 







interactions exist between using multiple simultaneous instructional methods to teach the same 
content. 
My third research question was “Do significant differences exist between male and 
female participants as it relates to their conceptions of the nature of science and science 
epistemology, science content knowledge, and overall motivation toward the discipline?” No 
significant conclusions could be drawn about the differences between male and female 
understandings of the nature of science and science epistemology. Regarding the mastering of 
science content, both genders showed significant improvements on the multiple choice and free 
response exams over time. However, the male participants performed statistically better than the 
female participants on the multiple-choice exams, but not the free-response exams. No 
significant conclusions could be drawn about the differences between male and female 
motivation. However, inferences regarding motivation are explained below. 
Assessment and Motivation. Many studies have investigated why motivation is 
important for student achievement. Environments that possess elements of inquiry, authenticity, 
collaboration, and technology have students who are more engaged and think more deeply about 
content (Blumenfeld et al., 2006). However, little research has been done that examines how 
specific, concrete, authentic inquiry science experiences relate to student motivation and how 
those experiences lead to the mastery of content (Bathgate, 2014). We do know that not all 
inquiry focused classrooms produce motivated students (Blumenfeld et al., 1997). However, 
students learn best in student-centered learning environments where teachers provide 
opportunities for them to actively create and modify knowledge structures. As mentioned in 
Chapter II, active learning provides opportunities for students to develop higher order thinking 







promote the development of problem-solving skills, critical thinking, metacognitive and 
elaborative skills, and cognitive skill transfer (Stolk & Harari, 2014). As students engage in 
cognitively demanding tasks, they develop conceptualizations of problems and use prior 
knowledge to solve those problems (Salvin-Baden, 2000). Students also identify and use 
available resources, monitor and self-regulate the pace at which they work, and reflect on the 
validity of their processes (Stolk & Harari, 2014). Collectively, these attributes point to the many 
benefits of using active learning teaching strategies over more traditional ones. They also 
unmask an intersection that exists between engagement in high-level cognitive activities and 
motivation.  
The words motivation, engagement, and self-efficacy describe students’ energy and drive 
toward completing a task. There are many definitions that describe what these constructs are. 
Generally, motivation is defined as the internal state or condition that works to activate, direct, 
and sustain behavior and is required for lifelong learning (Cavas, 2011). The self-efficacy 
perspective suggests that a person’s belief in their ability to complete a task is a major 
determining factor into whether they attempt to perform it (Hackett & Betz, 1989). And so, one 
must believe that they can accomplish a task before being motivated to complete it. Therefore, it 
is important to identify factors and special features that contribute to the development of both 
self-efficacy and motivation. Self-efficacy determines the amount of energy used in the 
completion of a task and whether the task is worth completing if unforeseen challenges arise 
(Hackett & Betz, 1989). “The stronger the perceived self-efficacy, the more active the efforts” 
(Bandura, 1977). Perceived self-efficacy can also affect expectations of anticipated success. 
Efficacy expectations are a major factor in determining how much time and energy is used to 







classroom, motivation in learning science is defined as the active participation in completing 
science related activities for the purpose of producing a better understanding of science. If 
students see the value in the work they are completing and they believe that they are capable of 
completing it, they will be motivated to participate in activities in which they can develop new 
understandings of science content based on their existing knowledge (Cavas, 2011). For the 
purposes of this study, it was understood that self-efficacy is theoretically required to be 
motivated. Therefore, when I talk about motivation, I am also synonymously referring to self-
efficacy as well. This is supported by the work of Bandura (1977) and Multon et al. (1991) who 
argued that self-efficacy predicts behavioral performance outcomes. 
 Students must see value in learning activities, if they are to participate in those activities 
and construct new knowledge about varied science concepts based on previously acquired 
knowledge (Cavas, 2011). In this study, the number of students who were motivated to complete 
the pretest, midterm, and posttest free-response exams increased each time students were asked 
to complete them. Even though no formal assessments of motivation were conducted, beyond 
those questions on the Likert scale survey, frequency data were examined. Only 46% (23/50) of 
participants attempted to complete the free-response pretest. This was followed by 60% of 
students (30/50) who attempted to complete the midterm free-response exam, and 100% of 
students who attempted to complete the final free-response exam. While not statistically 
significant, this suggests that students developed self-efficacy and felt more confident in their 
ability to answer the free-response questions over time. This is important because several studies 
suggest that motivation in science decreases throughout students’ educational experiences, 
particularly when classroom practices lack student voice and choice and ignores the central 







Tuan et al., 2005; Vedder-Weiss & Fortus, 2011). When instructional practices are inquiry based 
and student centered, research shows improved interest in the subject and self-efficacy (Buck et 
al., 2014). More research needs to be done that examines the ways in which project-based 
science motivates students.  
Project-Based Science in Urban and Multicultural Education 
Very large science achievement gaps are present early in the educational experiences of 
students of color and persist throughout their matriculation in school (Barton, 2001, Emdin, 
2011; Jackson & Ash, 2012; Ladson-Billings, 2006; Viadero & Johnston, 2000). Closing these 
gaps while increasing motivation and improving academic achievement are all nation-wide 
educational priorities (Bybee, 2010; Ejiwale, 2013). Unfortunately, educators continuously 
struggle with meeting the needs of diverse students (Banks, 2019; Jenks et al., 2001). Since the 
vast number of teachers in this country are White middle-class women, there is a dire need for 
instructional strategies that address the learning styles of students from culturally, racially, and 
socially different backgrounds to provide equitable opportunities for academic success, personal 
development, and individual fulfillment (Chisholm, 1994; Gay & Howard, 2000). One 
distinguishing characteristic of this reconceptualized approach to project-based science is the use 
of reality pedagogy and Black feminist thought in the design and implementation of this unit. 
While there was no statistical analysis done to see whether these features contributed to the 
significant gains made on both multiple-choice and free-response exams, the results of this study 
do suggest that using pedagogical practices that are inclusive of students’ identities and lived 
experiences can foster the mastery of science content and enhance students’ overall learning 







relevant and responsive project-based teaching and learning strategies and their effects on urban 
and multicultural students. 
Project-Based Science and Girls of Color. As mentioned above, the male 
participants in this study performed statistically better than the female participants on the 
multiple-choice exams. This was not the case on the free-response exams. It’s not clear why 
these differences were significant on one type of exam and not the other. However, these results 
support nationwide data that shows that male students outperform female students on science 
achievement exams that are largely multiple choice (U.S. Department of Education, 2019, 2021). 
These results warrant more research done that examines why these differences exist and how we 
can address them. Since this was students first experience with project-based science, differences 
between genders may change with further engagement with project-based science curricula.  
Project-Based Science, Teacher Preparation, and Professional Development 
Understanding how to create effective learning environments where students are 
motivated to learn science is important for educators and researchers who want to find ways to 
inspire students to pursue science related careers in the future. However, this is difficult to do. 
The change from traditional science instruction to project-based science is complex and requires 
support (Grant, 2002; Schneider et al., 2005). Many inservice and preservice teachers have never 
experienced an authentic project-based science learning experience (Strevy, 2014). Therefore, 
they are more likely to rely more on habitual repetition and rote memorization and less likely to 
try new ways of teaching (Darling-Hammond, 2006; Darling-Hammond & Bransford, 2007). 
Research shows that when designing project-based science learning environments, educators not 
only struggle with contextual challenges, such as resources, technological and instructional 







policies, but they also struggle with personal challenges, such as pedagogical content knowledge, 
beliefs, experience, efficacy, and racial and gender biases (Blumenfeld et al., 1991; Krajcik et al., 
1994). Therefore, teacher education and professional development programs need to devote 
attention to preparing educators to handle the complexity that exists in designing and 
implementing project-based curricula. Teacher content knowledge and pedagogical knowledge 
have both been found to be predictive of students learning science content in inquiry learning 
environments (Kanter & Konstantopoulos, 2010). To capitalize on the potential of project-based 
science instruction, more research is needed that looks into the type of support needed to 
adequately prepare teachers to enact project-based science instruction in urban and multicultural 
settings. This necessitates research be conducted that focuses on developing the knowledge, 
beliefs, and practices needed for teachers to help students construct new knowledge, develop 
expertise, and build higher order thinking skills (Abd-El-Khalick & Lederman, 2000; Kanter & 
Konstantopoulos, 2010; Krajcik et al., 1994; Ladewski et al., 1994; Lederman, 2007; Lederman 
& Lederman, 2004; Tal et al., 2006; Trumbull et al., 2006). 
Implications 
There are several implications for this study. However, I must first recognize that my role 
as a Black male teacher, may have afforded me more agency in the classroom, than teachers who 
have backgrounds that are different from their students. Studies done on African American Black 
male teachers, suggest that Black male teachers who use culturally relevant curricula, can better 
connect to minority students’ identities and foster increases in self-esteem and critical 
understandings (Pabon et al., 2011). However, this study presents a reconceptualized theory and 
approach to project-based science that can provide any teacher, regardless of background, tools 







used both in the development of project-based science curricula, and in the design of the 
classroom settings in which these curricula will be used. As outlined in the discussion above, the 
results of this study have research, policy, and practice implications for project-based science 
and: the nature of science and science epistemology; assessment; motivation; urban and multi-
cultural education; gender studies; teacher preparation; and teacher professional development. 
There are also implications for curriculum design and the use of Black feminist thought and 
reality pedagogy in designing inquiry-based learning environments for urban students of color. 
This study presents a unique approach to curriculum design. One that focuses on both 
skill development, and the mastery of local, state, and national learning goals. Many educators 
struggle to design project-based science learning materials that can engage students in high-
quality experiential learning. They struggle with deciding what content to include and/or figuring 
out how to integrate content in a way that is authentic to the work scientists do and/or figuring 
out how to engage students in meaningful inquiry, and still have enough time to cover the other 
content outlined in their curriculum. These issues often result in teachers creating project-based 
science materials that are not meaningful, or that primarily focus on skill development and not 
content mastery. The approach used in this study, considered both. In theory, students who 
engage in project-based science activities should be able to develop 21st century skills, while 
mastering science content. However, very few studies provide evidence of this. Most studies 
done on project-based science advocate for the use of summative assessments that are 
mastery/proficiency/skill based as opposed to the use of ones that are standardized and aligned to 
content standards (Frank & Barzilai, 2004; Keppell & Carless, 2006; Van den Bergh et al., 
2006). The few studies that do show significant gains on standardized science examinations after 







et al., 2004; Rivet & Krajcik, 2004; Schneider et al., 2002), were done with populations that were 
very different from the population of students who participated in this study. Therefore, the 
results of this study suggest that if a project-based science curriculum is designed well, there may 
be value in using a mixed methods approach to assessment, to obtain a well-rounded 
understanding of student development and achievement. In the future, I hope to do more research 
in this area. 
One of the distinguishing features of this approach to project-based science was the use 
of Black feminist thought and reality pedagogy in the design and use of the classroom 
community. While the research questions for this study focused on student achievement, more 
research is needed that looks at the ways in which teachers can gain agency in project-based 
science spaces through shared and transformational authority; diversity, inclusion, and equity; 
and relationship building. As reported by the participants in this study, project-based science is 
hard; especially for first timers. Therefore, establishing trust between all community members 
and creating a shared space where students feel welcomed, valued, and appreciated, is absolutely 
required to maximize the potential of the project-based science framework. In this study, Black 
feminist thought, and reality pedagogy were used to achieve these goals. However, there may be 
other theories and approaches that can achieve the same objectives. This warrants further 
research in this area. Moving forward, I hope to do more research that focuses on the features 
well designed project-based science learning environments that provide teachers with the agency 
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Local, State, and National Key Ideas and Learning Objectives Used to Design Learning 
Activities in the Human Impact Unit 
 
New York State Math Science and Technology Standard 
Key Idea 1 Through systems thinking, people can recognize the commonalities that exist among 
all systems and how parts of a system interrelate and combine to perform specific 
functions. 
Key Idea 2 Models are simplified representations of objects, structures, or systems used in 
analysis, explanation, interpretation, or design. 
Key Idea 5 Identifying patterns of change is necessary for making predictions about future 
behavior and conditions 
* The standards in this table came from the New York City Department of Education 6-12 
Science Scope and Sequence and were used to create the Human Impact unit. 
 
Next Generation Science Standards 
Patterns Observed patterns in nature guide organization and classification and prompt 
questions about relationships and causes underlying them.  





Events have causes, sometimes simple, sometimes multifaceted. Deciphering causal 
relationships, and the mechanisms by which they are mediated, is a major activity 
of science and engineering. 
● Empirical evidence is required to differentiate between cause and 
correlation and make claims about specific causes and effects.  
● Cause and effect relationships can be suggested and predicted for complex 
natural and human-designed systems by examining what is known about 
smaller scale mechanisms within the system.  
● Systems can be designed to cause a desired effect.  





In considering phenomena, it is critical to recognize what is relevant at different 
size, time, and energy scales, and to recognize proportional relationships between 
different quantities as scales change.  
● The significance of a phenomenon is dependent on the scale, proportion, 
and quantity at which it occurs. 











A system is an organized group of related objects or components; models can be 
used for understanding and predicting the behavior of systems.  
● Models (e.g., physical, mathematical, computer models) can be used to 
simulate systems and interactions— including energy, matter, and 
information flows—within and between systems at different scales. 
Stability & 
change 
For both designed and natural systems, conditions that affect stability and factors 
that control rates of change are critical elements to consider and understand.  
● Much of science deals with constructing explanations of how things change 
and how they remain stable. 
HS-LS2-2 Use mathematical representations to support and revise explanations based on 
evidence about factors affecting biodiversity and populations in ecosystems of 
different scales. 
HS-LS2-7 Design, evaluate, and refine a solution for reducing the impacts of human activities 




1. Asking questions (for science) and defining problems (for engineering) 2. 
Developing and using models 3. Planning and carrying out investigations 4. 
Analyzing and interpreting data 5. Using mathematics and computational thinking 
6. Constructing explanations (for science) and designing solutions (for engineering) 
7. Engaging in argument from evidence 8. Obtaining, evaluating, and 
communicating information. 
* The standards in this table came from the Next Generation Science Standards and were used to 
create the Human Impact unit. 
 
Common Core Standards 
RST.9-
10.1 
Cite specific textual evidence to support analysis of science and technical texts, 
attending to the precise details of explanations or descriptions. 
RST.9-
10.7 
Translate quantitative or technical information expressed in words in a text into visual 
form (e.g., a table or chart) and translate information expressed visually or 
mathematically (e.g., in an equation) into words 
WHST.9-
10.2 
Write informative/explanatory texts, including the narration of historical events, 
scientific procedures/experiments, or technical processes.  
WHST.9-
10.6 
Use technology, including the internet, to produce, publish, and update individual or 
shared writing products, taking advantage of technology’s capacity to link to other 









Conduct short as well as more sustained research projects to answer a question 
(including a self-generated question) or solve a problem; narrow or broaden the inquiry 
when appropriate; synthesize multiple sources on the subject, demonstrating 
understanding of the subject under investigation. 
WHST.9-
10.8 
Gather relevant information from multiple authoritative print and digital sources, using 
advanced searches effectively; assess the usefulness of each source in answering the 
research question; integrate information into the text selectively to maintain the flow of 
ideas, avoiding plagiarism and following a standard format for citation.  
WHST.9-
10.9 
Draw evidence from informational texts to support analysis, reflection, and research. 
HSN.Q.A
.1 
Use units as a way to understand problems and to guide the solution of multi-step 
problems; choose and interpret units consistently in formulas; choose and interpret the 
scale and the origin in graphs and data displays. 
* The standards in this table came from the New York City Department of Education 6-12 









Pre, Midterm, and Post Free-Response Test Questions and Alignment with New York State 
Living Environment Key Ideas 
 
New York State Living 
Environment Key Idea 
Free-Response Test Question  
Key Idea 1: Living things are both 
similar to and different from each 
other and from nonliving things. 
(1.1b, 1.1c, and 1.1f) 
● What roles do biotic and abiotic factors play in the 
sustainability of the ecosystem? Please list 
examples in your response.  
● In what ways can the stability of an ecosystem be 
disrupted? How would community members 
respond to these changes? 
Key Idea 6: Plants and animals 
depend on each other and their 
physical environment. (6.1d, 6.1g, 
6.1e, 6.2a, 6.3a, 6.3c) 
● Describe the different types of relationships (good 
and bad) that could possibly exist between 
organisms living in the same community. 
● What determines the carrying capacity of an 
ecosystem? 
● What is biodiversity? What causes it, and why is it 
important?  
Key Idea 7: Human decisions and 
activities have had a profound 
impact on the physical and living 
environment. (7.1b, 7.1c, 7.2a, 7.3b) 
● In what ways do humans impact ecosystems? 











Pre, Midterm, and Post Multiple-Choice Test Questions and Alignment with New York 
State Living Environment Key Ideas and Learning Standards 
 
Pre, Midterm, and Post Multiple-Choice Test Questions 
New York State Science Standard New York State Living Environment Regents Question 
Key Idea 1: Living things are both similar to and different from each other and from nonliving things. 
1.1b An ecosystem is shaped by the 
nonliving environment as well as 
its interacting species. The world 
contains a wide diversity of 
physical conditions, which creates a 
variety of environments.  
If the oak and hickory trees were burned in a forest fire, 
leaving bare soil, which group of plants would most likely 
be the first to grow back? (1) crabgrass and horseweed. 
* This problem has an accompanying diagram. 
Four environmental factors are listed below. Which 
factors limit environmental carrying capacity in a land 
ecosystem? A. energy B. water C. oxygen D. minerals (4) 
A, B, C, and D. 
Which set of statements best illustrates a material cycle in 
a self-sustaining ecosystem? (1) In summer, growing 
plants remove magnesium ions from the soil to make 
chlorophyll. In autumn, these plants release 
magnesium when they die and decompose. In spring, 
new plants will grow in this same area. 
1.1c In all environments, organisms 
compete for vital resources. The 
linked and changing interactions of 
populations and the environment 
compose the total ecosystem.  
Cattails in freshwater swamps in New York State are 
being replaced by purple loosestrife plants. The two 
species have very similar environmental requirements. 
This observation best illustrates (2) competition between 
species.  
Competition between the members of a woodchuck 
population in a large field could be expected to increase as 
a result of an increase in the (1) woodchuck 
reproduction rate. 
What will most likely occur if two different plant species 
compete for the same requirements in an ecosystem? (3) 
One species may be eliminated from that ecosystem. 







or indirectly, with many others in 
an ecosystem. Disruptions in the 
numbers and types of species and 
environmental changes can upset 
ecosystem stability. 
ecosystem shown (see image) is correct? (4) Since there 
is only one group of producers, their numbers must be 
large enough to supply the energy for the rest of the 
food web. 
* This problem has an accompanying diagram. 
After a fire destroys a forest, the area will most likely (4) 
recover through gradual changes back to a point of 
long-term stability. 
Which sequence shows a correct pathway for the flow of 
energy in a food chain? (2) grass-->grasshopper-->frog--
>snake. 
Key Idea 6: Plants and animals depend on each other and their physical environment. 
6.1d The number of organisms any 
habitat can support (carrying 
capacity) is limited by the available 
energy, water, oxygen, and 
minerals, and by the ability of 
ecosystems to recycle the residue of 
dead organisms through the 
activities of bacteria and fungi. 
The dotted line on the graph below represents the potential 
size of a population based on its reproductive capacity. 
The solid line on this graph represents the actual size of 
the population. Which statement best explains why the 
actual population growth is less than the potential 
population growth? (1) Resources in the environment 
are limited. 
* This problem has an accompanying diagram. 
The accompanying graph shows the number of birds in a 
population. Which statement best explains section X of 
the graph? (3) The population reached a state of 
dynamic equilibrium due to limiting factors. 
* This problem has an accompanying diagram. 
One biotic factor that limits the carrying capacity of any 
habitat is the (3) activity of decomposers. 
6.1e In any particular environment, the 
growth and survival of organisms 
depend on the physical conditions, 
including light intensity, 
temperature range, mineral 
availability, soil/rock type, and 
relative acidity (pH).  
Which statement describes a situation that leads to 
stability within an ecosystem? (2) Interactions between 
biotic and abiotic components regulate carbon dioxide 
and water levels. 
Birch bolete is a fungus that normally grows on the roots 
of birch trees in New York State. During the life of the 
fungus and the birch, each organism receives nutrients 
from the various biochemical processes of the other. 
According to this information, it can be inferred that these 







Which characteristic of a geographic region would have 
the greatest influence on the type of ecosystem that forms 
in that region? (4) climatic conditions. 
6.1g Relationships between organisms 
may be negative, neutral, or 
positive. Some organisms may 
interact with one another in several 
ways. They may be in a producer/ 
consumer, predator/prey, or 
parasite/host relationship; or one 
organism may cause disease in, 
scavenge, or decompose another.  
Two interactions between organisms are shown in the 
accompanying table. X and Y do not represent the same 
organisms in the two interactions. Which statement best 
describes the relationship between organism X and 
organism Y in each interaction? (1) Organism X is 
positively affected by the relationship and organism Y 
is negatively affected. 
* This problem has an accompanying diagram. 
A certain fungus can be harmful when it infects the 
outermost layers of the human foot, while another type of 
fungus can be beneficial when it recycles nutrients by 
breaking down dead organisms. Which terms identify 
these two roles of fungi? (3) parasite, decomposer. 
The accompanying diagram represents a remora fish 
attached to a shark. A remora fish has an adhesive disk or 
sucker on its head, which it uses to attach itself to larger 
fishes, such as sharks. This attachment causes the shark no 
harm. The remora fish eat scraps of food that the sharks 
drop as they feed. This is an example of (1) an 
adaptation to a specialized niche. 
* This problem has an accompanying diagram. 
6.2a As a result of evolutionary 
processes, there is a diversity of 
organisms and roles in ecosystems. 
This diversity of species increases 
the chance that at least some will 
survive in the face of large 
environmental changes. 
Biodiversity increases the stability 
of the ecosystem.  
The accompanying diagram represents the varying 
biodiversity in three ecosystems. The level of biodiversity 
in ecosystem A is high because it has the (2) greatest 
variety of genetic material. 
Ecosystems will have a greater chance of maintaining 
equilibrium over a long period of time if they have (3) a 
diversity of organisms. 
When a natural disaster destroys a stable ecosystem, the 
area is temporarily less stable than before. This is most 
likely due to (1) a decrease in biodiversity. 
6.3a The interrelationships and 
interdependencies of organisms 
affect the development of stable 
ecosystems.  
In a freshwater pond community, a carp eats decaying 
material from around the bases of underwater plants, 
while a snail scrapes algae from the leaves and stems of 
the same plants. They can survive at the same time 








Which statement describes all stable ecosystems? (2) The 
populations of predators are dependent on the 
populations of their prey. 
Base your answers on the accompanying passage and on 
your knowledge of biology. . . Corals come in about 1,500 
known species—from soft swaying fans to stony varieties 
with hard skeletons that form reef bases. They are made 
up of polyps, tiny animals that live in colonies and feed at 
night on microscopic plants and creatures. The coral's 
surface is the living part, with color infused by single-
celled algae called zooxanthellae that live in polyp tissue. 
The algae act like solar panels, passing energy to the coral 
as they photosynthesize while feeding on the coral's waste. 
Extremely sensitive, corals survive in a narrow range of 
temperature, sunlight, and salinity. An uncommonly 
severe El Niño in 1998 raised ocean temperatures and 
changed currents, causing bleaching that devastated reefs 
worldwide. Scientists say parts of the Indian Ocean lost up 
to 90% of corals. The bleaching struck reefs around the 
Persian Gulf, East Africa, Southeast Asia, and the 
Caribbean. Some recovered. Many died. . . Source: 
Associated Press, December 2001 The relationship 
between the polyps and the zooxanthellae can best be 
described as (3) positive for both. 
6.3c 
 
A stable ecosystem can be altered, 
either rapidly or slowly, through 
the activities of organisms 
(including humans), or through 
climatic changes or natural 
disasters. The altered ecosystem 
can usually recover through gradual 
changes back to a point of long-
term stability.  
What is a characteristic of a stable environment? (2) It 
usually contains a great diversity of species. 
Abandoned railroad tracks are overgrown with weeds. Ten 
years later there are small aspen trees growing in the 
middle of the tracks. This change is an example of (1) 
ecological succession. 
A stable ecosystem is characterized by having (2) a 












Likert Scale Categorization 
 




items is opinion 
on issues, 
policies, etc.) 
Science is primarily a search for truth. Student’s 
understanding 
of what science 
is.   
Science provides opportunities for us to understand the 
natural world. 
There is not a significant difference between scientific 






There is a difference between scientific knowledge and 
opinion. 
Once accepted by the scientific community, science 
knowledge becomes permanent. 
Scientific solutions are all equally temporary or tentative 
A scientific fact is absolute, fixed, permanent; it never 
changes. 




of the role that 
scientists play in 
the practice of 
science (how 
science works). 
It is important for scientists to know how to construct an 
argument. 
Disagreement between scientists is one of the 
weaknesses of science. 








I believe that I would have to change my identity to 





the role that 
their identity 
plays in that 
process. 







I think that knowledge of what science is, what it can 
and cannot do, and how it works, is important for 





importance.  I think science is difficult. 
In school, I think that science should be learned through 















Likert Scale Questions 
 
Figure: Multi-item statements to measure students’ understanding of the nature of science and 
science epistemology and overall attitudes toward science. 
Item Strongly  
Disagree 
  Strongly 
Agree  
1. Science is primarily a search for truth. 1 2 3 4 5 
2. Science provides opportunities for us to understand the 
natural world. 
1 2 3 4 5 
3. There is not a significant difference between scientific 
theory and a scientific law. 
1 2 3 4 5 
4. There is a difference between scientific knowledge and 
opinion. 
1 2 3 4 5 
5. Once accepted by the scientific community, science 
knowledge becomes permanent. 
1 2 3 4 5 
6. Many scientists spend their time proving or disproving 
possible solutions. 
1 2 3 4 5 
7. Scientific solutions are all equally temporary or 
tentative. 
1 2 3 4 5 
8. A scientific fact is absolute, fixed, permanent; it never 
changes. 
1 2 3 4 5 
9. It is important for scientists to know how to construct 
an argument. 
1 2 3 4 5 
10. Disagreement between scientists is one of the 
weaknesses of science. 
1 2 3 4 5 
11. All scientific problems must be studied with the 
Scientific Method. 
1 2 3 4 5 
12. I believe that I would have to change my identity to 
become a scientist.  
1 2 3 4 5 







14. I think that knowledge of what science is, what it can 
and cannot do, and how it works, is important for 
everyone to know. 
1 2 3 4 5 
15. In school, I think that science should be learned 
through hands on experiences.  
1 2 3 4 5 
16. I am interested in becoming a scientist when I get 
older. 









































 Appendix G 
Nature of Science and Science Epistemology Pre/Post Survey 
Part I. Directions: Please complete the following questions to the best of your ability. Your 
responses are confidential, and your name will be stored only to track survey completion.  
1. What is your gender? 
2. Female 
3. Male 
4. Other (please specify):_________________ 
 
2. How old are you? 
A) under 14 years old 
B) 14 years old 
C) 15 years old 
D) over 15 years old 
3. Ethnicity origin (or Race): Please specify your ethnicity. 
A) White 
B) Hispanic or Latino 
C) Black or African American 
D) Native American or American Indian 
E) Asian or Pacific Islander 
F) Other (please specify): ___________________ 
 























Part II. Directions: Please choose the number that corresponds with your agreement with the 
following statements. 
 
1. Science is primarily a search for truth. 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
2. Science provides opportunities for us to understand the natural world. 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
3. There is not a significant difference between scientific theory and a scientific law. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
4. There is a difference between scientific knowledge and opinion. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
5. Once accepted by the scientific community, science knowledge becomes permanent. 
 
1 2 3 4 5 
Strongly 
Disagree 



















6. Many scientists spend their time proving or disproving possible solutions.  
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
7.  Scientific solutions are all equally temporary or tentative. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
8. A scientific fact is absolute, fixed, permanent; it never changes. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
9. It is important for scientists to know how to construct an argument. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
10. Disagreement between scientists is one of the weaknesses of science. 
 
1 2 3 4 5 
Strongly 
Disagree 
























11. All scientific problems must be studied with the Scientific Method. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
12. I believe that I would have to change my identity to become a scientist.  
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
13. I think science is difficult. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
14. I think that knowledge of what science is, what it can and cannot do, and how it works, is important 
for everyone to know. 
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree  Strongly Agree 
 
15. In school, I think that science should be learned through hands-on experiences.  
 
1 2 3 4 5 
Strongly 
Disagree 





















16. I am interested in becoming a scientist when I get older. 
 
1 2 3 4 5 
Strongly 
Disagree 





























Pre, Midterm, and Post Free-Response Test Questions 
Directions: In the space provided below, please describe the relationships that exist between 
living organisms and nonliving resources in an ecosystem. How do these relationships add to or 
take away from the stability of the community? Please include the following in your response: 
● What roles do biotic and abiotic factors play in the sustainability of the ecosystem? 
Please list examples in your response.  
● In what ways can the stability of an ecosystem be disrupted? How would community 
members respond to these changes? 
● Describe the different types of relationships (good and bad) that could possibly exist 
between organisms living in the same community. 
● What determines the carrying capacity of an ecosystem? 
● What is biodiversity? What causes it, and why is it important?  
● In what ways do humans impact different ecosystems? 




























Pre, Midterm, and Post Multiple-Choice Test Questions 
 
1. Abandoned railroad tracks are overgrown with weeds. Ten years later there are small aspen 
trees growing in the middle of the tracks. This change is an example of 
(1) ecological succession      
(3) genetic variation 
(2) biological evolution        
(4) heterotrophic nutrition 
 
2. What will most likely occur if two different plant species compete for the same requirements 
in an ecosystem? 
(1) They will usually develop different requirements. 
(2) One species may adapt to a different environment. 
(3) One species may be eliminated from that ecosystem. 
(4) They will alter the environment so that they can both survive in that ecosystem 
 
3. The accompanying graph shows the number of birds in a population. Which statement best 
explains section X of the graph? 
 
 
(1) Interbreeding between members of this population increased the mutation rate. 
(2) An increase in the bird population caused an increase in the producer population. 
(3) The population reached a state of dynamic equilibrium due to limiting factors. 
(4) Another species came to the area and provided food for the birds. 
 
4. The accompanying diagram represents a remora fish attached to a shark. A remora fish has an 
adhesive disk or sucker on its head, which it uses to attach itself to larger fishes, such as 
sharks. This attachment causes the shark no harm. The remora fish eat scraps of food that the 
sharks drop as they feed. This is an example of 
 
(1) an adaptation to a specialized niche   
(2) an adaptation of a successful parasite            







(4) competition for abiotic resources 
 
5. Competition between the members of a woodchuck population in a large field could be 
expected to increase as a result of an increase in the 
(1) woodchuck reproduction rate                      
(2) spread of disease among the woodchucks 
(3) number of woodchucks killed by cars   
(4) number of secondary consumers 
 
6. Which statement describes a situation that leads to stability within an ecosystem? 
(1) Carbon dioxide and water are released only by abiotic sources in the ecosystem. 
(2) Interactions between biotic and abiotic components regulate carbon dioxide and water 
levels. 
(3) Animals provide the oxygen used by plants, and plants provide the nitrogen needed 
by animals. 
(4) Organisms provide all the necessary energy for the maintenance of this ecosystem. 
 
7. In a freshwater pond community, a carp eats decaying material from around the bases of 
underwater plants, while a snail scrapes alga from the leaves and stems of the same plants. 
They can survive at the same time because they occupy 
(1) the same niche, but different habitats  
(2) the same habitat, but different niches  
(3) the same habitat and the same niche 
(4) different habitats and niches 
 
8. A stable ecosystem is characterized by having 
(1) predators that outnumber their prey      
(2) a continual input of energy 
(3) limited autotrophic nutrition                    
(4) no competition between species 
 
9. Which sequence shows a correct pathway for the flow of energy in a food chain? 
(1) bacteria--> grass--> fox--> owl              
(2) grass-->grasshopper-->frog-->snake 
(3) fungi--> beetle--> algae--> mouse      


















10. The accompanying diagram represents the varying biodiversity in three ecosystems. The 















(1) least variety of energy levels                 
(2) greatest variety of genetic material     
(3) greatest number of decomposers   
(4) least number of ecological niches 
 
11.  Which statement describes all stable ecosystems? 
(1) Herbivores provide energy for the autotrophs. 
(2) The populations of predators are dependent on the populations of their prey. 
(3) The number of autotrophs equals the number of heterotrophs. 
(4) Consumers synthesize ATP from light energy 
 
12. Ecosystems will have a greater chance of maintaining equilibrium over a long period of time 
if they have 
(1) organisms imported by humans from other environments 
(3) a diversity of organisms 
(2) a sudden change in climate 
(4) predators eliminated from the food chains 
 
13. When a natural disaster destroys a stable ecosystem, the area is temporarily less stable than 
before. This is most likely due to 
(1) a decrease in biodiversity                              
(2) an increase in the number of food chains 
(3) an increase in the number of species      
(4) a decrease in the rate of mutation 
 
14. One biotic factor that limits the carrying capacity of any habitat is the 
(1) availability of water                    
(2) level of atmospheric oxygen  







(4) amount of soil erosion 
15. A certain fungus can be harmful when it infects the outermost layers of the human foot, 
while another type of fungus can be beneficial when it recycles nutrients by breaking down 
dead organisms. Which terms identify these two roles of fungi? 
(1) producer, prey            
(2) host, autotroph   
(3) parasite, decomposer         
(4) herbivore, predator 
 
16. What is a characteristic of a stable environment? 
(1) It usually contains only one type of producer. 
(2) It usually contains a great diversity of species. 
(3) It contains simple food chains that have more consumers than producers. 
(4) It contains complex food webs that have more heterotrophs than autotrophs 
 
17. After a fire destroys a forest, the area will most likely 
(1) remain bare land indefinitely 
(2) develop into a desert area 
(3) develop into an entirely different type of forest after hundreds of years 
(4) recover through gradual changes back to a point of long-term stability 
 
18. Cattails in freshwater swamps in New York State are being replaced by purple loosestrife 
plants. The two species have very similar environmental requirements. This observation best 
illustrates 
(1) variation within a species         
(2) competition between species   
(3) isolation of species populations  
(4) random recombination 
 
19. The dotted line on the graph below represents the potential size of a population based on its 










Which statement best explains why the actual population growth is less than the potential 
population growth? 
(1) Resources in the environment are limited. 
(2) More organisms migrated into the population than out of the population. 
(3) The birth rate gradually became greater than the death rate. 








20. Birch bolete is a fungus that normally grows on the roots of birch trees in New York State. 
During the life of the fungus and the birch, each organism receives nutrients from the various 
biochemical processes of the other. According to this information, it can be inferred that 
these two species 
(1) are both predators                                  
(2) require the same amount of sunlight   
(3) require a similar soil pH   
(4) recycle the remains of dead organisms 
 
21. Which characteristic of a geographic region would have the greatest influence on the type of 
ecosystem that forms in that region? 
(1) ratio of autotrophs to heterotrophs        
(2) concentration of atmospheric oxygen 
(3) number of food chains    
(4) climatic conditions 
 
22. Which set of statements best illustrates a material cycle in a self-sustaining ecosystem? 
(1) In summer, growing plants remove magnesium ions from the soil to make 
chlorophyll. In autumn, these plants release magnesium when they die and 
decompose. In spring, new plants will grow in this same area. 
(2) Trees do not live in a desert ecosystem where there is not enough water present in the 
sandy soil to support their growth. Trees can live in a desert oasis. 
(3) DDT is sprayed on a forest ecosystem to control the mosquito population. After a 
year, the level of DDT is found to be much higher in the tissues taken from a hawk 
than in the tissues taken from a mouse in this ecosystem. 
(4) Plants trap the Sun's energy in the chemical bonds of organic molecules. This energy 
is then used for plant metabolic activities. 
 
23.  Base your answers on the accompanying passage and on your knowledge of biology. 
 
. . . Corals come in about 1,500 known species—from soft swaying fans to stony varieties 
with hard skeletons that form reef bases. They are made up of polyps, tiny animals that live 
in colonies and feed at night on microscopic plants and creatures. The coral's surface is the 
living part, with color infused by single-celled algae called zooxanthellae that live in polyp 
tissue. The algae act like solar panels, passing energy to the coral as they photosynthesize 
while feeding on the coral's waste. Extremely sensitive, corals survive in a narrow range of 
temperature, sunlight and salinity.  
 
An uncommonly severe El Niño in 1998 raised ocean temperatures and changed currents, 
causing bleaching that devastated reefs worldwide. Scientists say parts of the Indian Ocean 
lost up to 90 percent of corals. The bleaching struck reefs around the Persian Gulf, East 
Africa, Southeast Asia and the Caribbean. Some recovered. Many died. . .  
 









The relationship between the polyps and the zooxanthellae can best be described as 
(1) negative for both     
(2) neutral for both      
(3) positive for both 
(4) negative for one and positive for the other 
 
24. Four environmental factors are listed below. Which factors limit environmental carrying 
capacity in a land ecosystem? A. energy B. water C. oxygen D. minerals 
(1) A, only                     
(2) B, C, and D, only  
(3) A, C, and D, only    
(4) A, B, C, and D 
 




















(1) An increase in the types of producers will most likely decrease the available energy 
for the squid. 
(2) A producer in this ecosystem is the zooplankton. 
(3) If all the producers in this ecosystem are destroyed, the number of heterotrophs will 
increase, but the ecosystem will reach a new equilibrium. 
(4) Since there is only one group of producers, their numbers must be large enough to 













26.Two interactions between organisms are shown in the accompanying table. X and Y do not 
represent the same organisms in the two interactions. Which statement best describes the 
relationship between organism X and organism Y in each interaction? 
 
 
(1) Organism X is positively affected by the relationship and organism Y is negatively 
affected. 
(2) Organism X is negatively affected by the relationship and organism Y is positively 
affected. 
(3) Both organisms are positively affected by the relationship. 
(4) Both organisms are negatively affected by the relationship 
 
27. The accompanying diagram represents a process that occurs in nature.  
 
 
If the oak and hickory trees were burned in a forest fire, leaving bare soil, which group of plants 
would most likely be the first to grow back? 
(1) crabgrass and horseweed     
(2) oak and hickory trees     
(3) broomsedge and pine seedlings       
(4) mature pine and young deciduous trees 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
